® J)) 



Europaisches Patentamt 
European Patent Office 
Office europ6en des brevets 



® PubltestionnumbeR 



0 104 498 

A2 



® 



EUROPEAN PATENT APPUCATION 



© Application number: 8310864U 
@ Date of filing: 01X9.83 



@ inta*: C 08 F 292/00 
C 09 O 3/00 



@ Priority: 02.09^ US 414392 
»i.07.83 US 516859 



@ Date of publication of epplication: 
04.04.84 Bulletin 84^4 

@ Designated Contracting States: 

AT BE CH DE FR GB rr U Ul NL 8E 



(2) Applicant: UNION CARBIDE CORPORATION 
OMRkSgeburyRoMl 
DanburyCoiiiMcliait06817(US) 

@ inventor: MartinrRoliMtW. 
P.0.BOX93S2 

South ChaHeston West Virginia 2S303(US) 

® Representetlve: Wuesthoff,Fnnz.Dr.-fog. at at 

Patantanwitte Wuasthoff ^.pM:hinannMirm-Oo«ts 

SchwaigerttrasseZ 

D-aD00MfinclMn90(DE) 



@ Potymer-encapsulftted dispersed solids and methods. 

® A process for preparing polymer^ncapsulated dis- 
persed non-monomer solids, such as, polymer-encapsulated 
pigments. Water, a pigment, e nonionic protective colloid or 
stabilizing agent and a portion of a nonionic monomer 
having at least one monovalent unsaturated organo moiety 
ere edmixed. The pigment has a minimum of surface charge 
A nonionic polymerization Inftiator is added to the admfacture 
and the admfocture Is heated to begin the polymerization of 
the nonionic monomer. A nonionic catalyst and the remain- 
der of the nonionic monomer are added to the admixture. 
The polymerization is allowed to proceed to finality or the 
desired degree. A polymer-encapsulated pigment dispersion 
is obtained. 
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BACKGROPH P QP thtr tHVENTIOM 

5 Tbi8 invention relates to .olids, .ueb as, pignent* 

encapsulated with a polymer, and aetbods of preparing and 
using such. 

BROAD PESCRT WIOK OP "PHis IWygHTTOM 
An object of this invention is to provide polyaer- 
cneapsulated dispersed noa-aononer solids, such as, 
polymer-encapsulated pigments . Another object of this 
invention is to provide a process of preparing .ucb 
polyaer-encapsttlated dispersed solids, such as, 
15 polyner-eneapsulated pigments. A further object of this 
invention is to provide uses for sueb polyaer-encapsulated 
dispersed solids (e.g., polyaer-encapsulated pigments) and 
compositions containing such polymer-encspsulated dispersed 
solids (e.g., polymer-encapsulated pigments). Other objects 
20 and advantages of this invention are set out herein or are 
obvious herefrom to one ordinarily skilled in the art. 

The objects and advantages of this invention are 
achieved by the polyii^er-encapsulated dispersed solids, such 
as, polymer-encapsulated pigments, methods and products of 
25 this invention. 

This invention broadly involves a simple process for 
preparing uniformly polymer-encapsulated dispersed 
non-monomer solids. The process includes admixing water, a 
finely-divided solid, a nonlonic protective colloid or 
30 stabilising agent, and all or a portion of a nonionic monomer 
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having at least one aonovalcnt unsaturated organo moiety In a 
reactor. The solid has a nlnlmua of surface charge. A 
nonlonlc polyaerlzatlon Initiator Is added to the adalxture 
and ^be admixture Is heated to begin the polyaerlsatlon of 
5 the nonlonlc nononer. A nonlonlc catalyst and any reaalnder 
of the nonlonlc. nononer Is added to the admixture. The 
polymerization Is allowed to proceed to finality or the 
desired degree. A high molecular weight polymer Is preferred, 
but low molecular weight polymers can be used. A 
10 polymer-encapsulated solid dispersion Is obtained. The novel 
system of this Invention, however, must be primarily 
nonlonlc. 

This Invention Involves a preferred, simple process for 
preparing uniformly polymer-encapsulated pigments. The 

15 process Includes admixing water, finely-divided pigment, a 
nonlonlc protective colloid or stabilising agent, and all or 
a portion of a nonlonlc monomer having at least one 
monovalent unsaturated organo moiety In a reactor. The 
pigment has a minimum of surface charge. A nonlonlc 

20 polymerization Initiator Is added to the admixture and the 
admixture Is heated to begin the polymerization of the 
nonlonlc monomer. A nonlonlc catalyst and any remainder of 
the nonlonlc monomer Is added to the admixture. The 
polymerization Is allowed to proceed to finality or the 

25 desired degree, A high molecular weight polymer Is 

preferred, but low molecular weight polymers can be used. A 
polymer-encapsulated pigment dispersion Is obtained. The 
prior art shows precipitating polymers from a solvent«*monomer 
system onto the pigment. The system must be primarily^ 

30 nonlonlc. The product might be termed "plastic pigments* or 
"opaque polymers". 
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The proee.B of this invention for preparing the poly».r- 
enc.psul.tea solid, (such as pigment.) of this invention 
involve, emulsion polymerisation. The process is analogous 
to soae latex processes. Advantageously the process is 
5 .i»ple and versatile, can use conventional latex reactors, 
has short (reduced) reaction tiaes, and involves good heat 
transfer. Reaction ti»e to a given total solids i. reduced 

Virtue. Of the pre-for-ed particle core (less «ono«er to 
react), (a pre-dispersioa step «ay be required for 
» hard-to-disp.r.e pigments such a. some Tlo^ and 0.003 
these can be purchased in an acceptable slurry form.) 

Through emulsion polymerisation, pigments can be 
microencapsulated by utilising the following processes, " 

1. Dispersing Monomer: This process embodiment utilises 
a monomer that function, as . dispersant (or partial 
dispersant) for the pigment and yet copolymerises readily 
with subsequent monomer feeds, vinyl pyrrolidon. is such a 
monomer, but it is limited to us. with pigments having 
hydrophillc surfaces. For example, CaCOj and TiO^ of the 
type Til^ure 8-931 cannot readily be encapsulated with vinyl 
pyrrolidon. a. the initiating monomer. Or, in other words, 
certain monomer, such as H-vi«yi pyrrolldone, vinyl acetate 
and butyl acryl.te, serve both as the monomer forming the 
encapsulating polymer and as the dispersing monomer. 

2. Surfactant Graftt This process embodiment 
necessitates the use of a nonionic surfactant with . long 
ethylene oxide chain. Igepal CO-990 (nonyl phenol/100 mol.^ 
ethyleneoxide, eO) functions In this respect. In this 
technique, the hydrophillc portion of the soap (BO) Is 
apparently attracted to the pigment surface and apparently 
either behaves as the polymerisation locus or graft occur. 
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across the tert. hydrogen in the nonyl group. This systen 
permits encapsulation of both hydrephilic and hydrophobic 
type pigments r however , the particle size of the pigment to 
be encapsulated is generally limited to the approximate size 
5 of the EO chains. 

Kith either process embodiment^ surface charge on the 
pigment must be minimal and inclusion of any substantial 
amount of anionic component (surfactant r catalyst « monomer ic 
acidf etc.) in the initial stages of polymerization will 
10 substantially or totally inhibit encapsulation. 

Polymer control techniques, such as, staged 
polymerization, for example, core/shell, can be used. 

8ome of the key elements of this invention emulsion 
polymerization process for the preparatiQn of the invention 
15 polymer-encapsulated pigments are the use of (1) nonionic 
surfactants, C2) catalysts that leave a minimum of ionic 
residues in the polymer, and (3) the proper type of grade of 
pigment. 

Any suitable vinyl monomer can be used to form the 
20 encapsulating vinyl polymer, but preferably vinyl acetate or 
alkyl acrylates are used. Encapsulation is shown by film 
appearance and performance (gloss, scrub, etc.), stability, 
behavior in the reactor (absence of flocculation) and 
ineompatability with conventional paints, and through 
25 micr ophotographs • 

This invention also includes the polymer-encapsulated 
dispersed non-monomer solids and the preferred ^ 
polymer-encapsulated pigments. 

The polymer-ehcapsulated solids or pigments of this 
30 invention are best described as a solids or pigment 
dispersion. A dispersion is an apparently homogeneous 
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.ubstanc. Which oonsiBt. of a «icro.copic.lly hetero,eneo„. 
mixture of two or »ore finely-divided phases. The 
Poly»er-enc.psalated pig,ne„ts can be forwlated l«te paint, 
producing unusually good appearance properties for the paint 
5 The unique pigment dispersions of the invention are often 
-ore stable than the -pig„,ant slurries, used In the paint 
industry today. The polyer-encapsulated pigments are useful 
in the preparation of paints or other coating .aterials, and 
represent stable paint/coating intermediates. The 
10 polymer-encapsulated pigment dispersion is fil. forming 

aependent on the typical emulsion polymer parameter, of glass 
transition (T^, .„a «l„i„„„ kilning temperatures (HFT, The 
films frequently show better appearance properties, .uch a., 
910SS, distinctness of image and hiding, than do conventional 
15 dispersions. x„ one sense, the polymer-encapsulated pigm.nt 
aispersions can be viewed as pre-paints. 

The polymer-encapsulated pigment dispersions of this 
invention, as compared to prior art coatings, can provide 
better economics, gloss, hiding power, open time, modulus. 
20 scrub resistance, color stability and durability. The " 
encapsulated pigments function both as binder and pigment. 
This invention eliminates dispersion steps and equipment in 
preparing paints and coatings. The polymer-encap.ulated 
Pigment dispersions can be used in trade p.int. (e.g.. 
25 gloss/seml-gioss. exterior house paints and interior flats,. 
Pigment slurries, paper coatings, roof coatings. c.alHs. 
•dheslves, industrial coatings, and textiles. 

m addition to paints, there are other related 
applications for coatings and adhesive, containing such 
30 polymer-encapsulated pigments. The coatings, paints. 

the normal non-pigment 
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components of such coatings « paints t adhesives, etc.* plos 
the polyner^encapsulated pignents o£ this invention. The 
polyiner<-encapsulated pigment dispersions themselves are 
pigment slurries that can be used wherever slurries are used, 

5 There is reasonable stability at polymer contents as low as 
10 percent based on the pigment taken as 100 percent. At the 
9/1 pigment/polymer- ratio using clay or calcium carbonate, 
one has a model for a typical coating color for paper coating 
applications. Encapsulated-mica (for example) dispersions 
10 can be used in latex roof coatings to improve their 

resistance to water swelling and/or water permeability f and 
in latex caulks* Z«atex adhesives, e.g., clay-filled boxboard 
adhesives, can be achieved by utilising a soft polymer 
encapsulation layer. Industrial coatings or baking enamels 

15 are other useful areas - an oven-dried sample of 

polymer-encapsulated pigment dispersion was prepared and 
examined, and the visual appearance of the gloss was 
strikingly excellent versus typical latex enamels. Textile 
binding or coating systems are useful areas by analogy to the 

20 paint, adhesive and paper coatings previously cited. There 
are many uses for the polymer-encapsulated dispersed 
non-monomer insoluble solids of this invention. 

The best and preferred results have been obtained using 
polymer-encapsulated titanium dioxide in paints and 

2*^ polymer-encapsulated calcium carbonate in paper coatings. 
Normal coating grades of Ti02 are difficult to control 
(adverse effects from organic and non-uniform inorganic 
treatments), so untreated, pure Ti02 is preferred and 
cheaper. "Inert* pigments are preferably used, but at least 

30 some "reactive* pigments can be encapsulated. Basically, the 
titanium dioxide (TiO,) is encapsulated with vinyl acetate 
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and/or acrylates with nonionic surfact^ts a„a/or poly(vl„ya 
pyrrolldone) or vl»yl pyrrolidone »ono«er as .tabilizera and 
redox catalysts. I„ one schen.e. first there i, the dispersing 
Of the pig^nt, „ono»er, water, stabilizing agents and followed 
by the adding of the catalysts. So the encapsulations inolud. 
poly»er plus possibly catalysts and stabilizing agent or 
nonionic surfactant. 

The pig:«nts basically should be pure pigments which have 
not been surface treated as the invention process „ot 
succeed in encapsulating surface-treated pigments. Also, as 
absorbed oxygen on the surface of the pigment particles cause, 
.on., inhibition of pigment encapsulation, such condition should 
be avoided. 

Another preferred e»boaiaent of the invention process 
involves the preparation of the «>capsulatlon adaixture before 
any nonionic polymerisation initiator and nonionic catalyst 
have been added. Pirst, a finely-divided solid «,d a nonionic 
protective colloid or stabilizing agent (plus water) are 
admixed. Then all or a portion of a nonionic sonomr is 
added to such admixture. (Exa,^!, ^ 

Of initiator and reducer can be added to such admixture before 
the monomer is added.) 
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DETAILED DESCRIPTION OP THIS INVEHTIOK 

Bonopolymers or eopolyaers can be used to encapsulate 
the pigments. 

The monomers used herein have at least one monovalent 
5 unsaturated organic moiety. Mixtures of monomers can be used. 
A preferred class of monomers is that wherein the monovalent 
unsaturated organo moiety is an alkylene, aralkylene or 
cycloalkylene moiety. Preferably the monomer contains at 
least one reactive vinyl group R^RgC«CRg-» reactive 
10 vinylidene group R^RgC"C«C«-f and/or reactive vinylene group 
*CR^Q«CR^^-'. In such formulae r R^r Kgr Rg« and R^^ each 
is (a) hydrogen, (b) alkyl having 1 to 4 carbon atoms, (c) 
alkoxy having 1 to 4 carbon atoms, (d) alkylcarboxy having 2 
to 12 carbon atoms, (e) aryl having 6 to 10 carbon atoms, (f)' 
15 alkoxycarbonyl having 2 to 12 carbon atoms, (g) substituted 
aryl having 6 carbon atoms and being substituted with at 
least one halogen, nitrile, alkyl having 1 to 4 carbon atoms, 
and/or alkoxy having 1 to 4 carbon atoms, (h) aralkyl wherein 
the alkyl has 1 to 4 carbon atoms and the aryl has € to 10 
20 carbon atoms, (i) substituted aralkyl wherein the alkyl has 1 
to 4 carbon atoms, the aryl has 6 to 10 carbon atoms and the 
substituents are halogen, alkyl having 1 to 4 carbon atoms, 
nitrile and/or alkoxy having 1 to 4 carbon atoms, (j) 
substituted alkyl having 1 to 4 carbon atoms and being 
25 substituted with nitrile, halogen and/or alkoxy having 1 to 4 
carbon atoms, (k) substituted alkylcarboxy having 2 to 12 
carbon atoms and substituted with halogen and/or nitri^, or 
(1) substituted alkoxycarbonyl having 2 to 12 carbon atoms 
and substituted with halogen and/or nitrile, with the proviso 
30 that no allyl compound or o-olefin, except ethylene, or 

substituted o-olefin, is within the scope of such formulae. 



Ol0449f8 



10 



15 



20 



25 



30 



" ^ " 13614-1 
AS used herein, the term Vinyl monomer" broadly means a 
monomer containing at least one of the groups vinyl, 
vinylidene or vinylene. vinyl is H2C-CH.1 vinylidene is 
H^C-C, and vinylene is -CH-CH-. Each of auch terms include, 
substituted groups. 

Preferably the nonovlnyl monomer is a vinyl monomer 
having the formulas 

HjC-CH-R 

wherein R is a hydrogen atom, a methyl group, an alkoxy group 
having from I to 4 carbon atoms, an alkylcarboxyl group 
having from 2 to 12, preferably from 2 to 10 carbon atoms. . 
nitrile group, a halogen atom, preferably a chlorine atom, a 
phenyl group or an alkoxycarbonyl group having from 2 to 12, 
preferably from 2 to 9. carbon atoms. A .ingle vinyl monomei 
«s well as mixtures of vinyl monomers, such as, vinyl 
Chloride-vinyl acetate, vinylidene chloride-vinyl chloride 
and vinylidene chloride-acrylonitrile, can be used. The 
monovinyl monomers include, styrene, .^-substituted styrene. 
«•«•' CgH5C-CH2, 

Wherein is alkyl and/or alkoxy having l to 6 carbon atoms, 
substituted styrene, i.e.. R„CgH5.„CH-CH2, wherein « is 1 to 
5. R is chlorine, fluorine, bromine, iodine, alkyl having 1 
to 6 carbon atoms, alkoxy having 1 to 6 carbon. -CH or -no , 
alkylacrylates wherein the alkyl has 1 to 11 carbons. ^ 
preferably I to 6 carbons, alkoxyacrylat.s. wherein the alkyl 
has I to 11 carbons, preferably 1 to 6 carbons, alkyl 
methacrylates. wherein the alkyl has 1 to 10 carbons, 
preferably i to 6 carbons, and alkoxy methacrylates . wherein 
the alkyl has 1 to 10 carbons, preferably 1 to 6 carbons. 
Examples of useful monovinyl monomers include, vinyl 
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halldes, sucb ast vinyl chloride, vinyl fluoride and vinyl 
iodide; ethylene! vinyl esters of aliphatic aonocarboxylic 
acids « such as, vinyl acetate, vinyl propionate, vinyl 
laurate* vinyl decanate, vinyl butyrate, vinyl isobutyrate, 
5 vinyl dinethylpropionate, vinyl ethylbutyrate, vinyl 
valerate, vinyl caproate, vinyl nethozyacetate, vinyl 
butoxy acetate, vinyl phenylacetate, vinyl acetoacetate r vinyl 
lactate, vinyl y}*pbenylbutyrate, vinyl 

cyclohexylearboxylate, vinyl benzoate, vinyl salicylate and 
10 vinyl naphthoate) vinyl ethers, such as, n^butyl vinyl ether, * 
isobutyl vinyl ether, vinyl propyl ether, vinyl 2-'ethylhexyl- 
ether, nethyl vinyl ether, buQrl vinyl ether, hexyl vinyl 
ether, octyl vinyl ether, decyl vinyl ether, ethylhexyl vinyl 
ether V nethoxyethyl vinyl ether, ethoxyethyl vinyl ether, 

15 l-Dethyl«>2,2-diBethylpropyl vinyl ether, 2-ethylbutyl vinyl 
etheri vinyl alkoxyalkyl ethersf vinyl haloalkyl ethers; 
vinyl ketones, such as nethyl vinyl ketone^ phenyl vinyl 
ketone and skethoxyethyl vinyl ketone; styrene; and styrene 
derivatives, such as oc-propylstyrener oC-ethylstyrcne, 

20 •^•methyl styrene, 2-chlorostyrene, 3-chloro5tyrene, 
4<»chlorostyrene, 2«*bro]nostyrene, 3-*bronostyrene, 
4-br oinostryr ene , 2*f luoros tyrene , 3-f luorostyrene , 

4- fluorostyrene, 4-nitrostyrcne, 2-»ethoxystyrene, 

5- methoxystyrene, 4-iaethoxystyrene, o-aethylstyrene (o-vinyl 
25 toluene), m-nethylstyrene, p-nethylstyrene, 

2 r5-dif luorostyrene , 2 , 5-dichloro6tyrene , 
2,4-diinethylstyrene, 2,5-dimethylstyrene, 2,4,6- 
trimethylstyrene, 4-methoxy-3-&ethylstyrenc, 4-fluoro- 
3-trif luoromethylstyrene, 2-broiao-4-trif luoro»ethylstyrene, 
30 trifluorostyrene, dibromostyrene, iodostyrenef trinethyl-- 
styrene, ethylstyrene, die thy Is tyr ene, isopropyl styrene. 
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butylBtyrene, hexylstytene, cyclohexylstyrene, decylstyt«n«, 
benzylstyrene, chloromethylstyrene, trlfluoronethylstyt.n. 
and ethoxynethylstyrene. 

Examples of farther useful ■onovinyl nononers Ineludei 
acrylic acid esters of inonohydric alkanoli, such as, methyl 
acrylate, ethyl acrylate, n-butyl acrylote, 2-ethylhexya 
acrylate, isobutyl acrylate, a-propyl acrylate, isopropyl 
acrylate. n-butyl acrylate, sec-butyl acrylate, amyl 
acrylate, hexyl acrylate, octyl acrylate, tert-octyl • 
acrylate, 2-phenoxyethyl acrylate, 2-chloroethyl acrylate, 
2-broji.oethyl acrylate, 4-chlorobutyl acrylate, cyanoethyl 
acrylate, 2-nitroethyl acrylate, benzyl acrylate, 
■ethoxybenxyl acrylate, 2-chloro'cyclobexyl acrylate, 
cyelohexyl acrylate, 2-methoxyethyl acrylate, 3-nethoxybutyl 
acrylate, 2-ethoxyethyl acrylate. 2-isopropoxyethyl acrylate, 
2-b«toxyethyl aferylate, 2-(2-aethoxyethoxy).thyl acrylate and 
2-(2-butoxyethoxy)ethyl acrylate; aiethacrylic acid esters of 
Bonohydric alkanols, such as, nethyl methacrylate, ethyl 
nethacrylate, 2-ethylhexyl Bethacrylate, cyelohexyl 
aethacrylate, phenyl nethacrylate. methyl «C-chleroacrylate, 
n-propyl nethacrylate, isopropyl nethacrylate, n-butyl 
nethacrylate, isobutyl nethacrylate, .ec-butyl nethacrylate, 
amyl methacrylate, hexyl nethacrylate, cyelohexyl 
nethacrylate, bensylnethacrylate, chlorobenxyl nethacrylate, 
octyl nethacrylate, M-ethyl-M-phenylanlnoethyl methacrylate, 
2-{3-phenylpropyloxy) ethyl methacrylate, 2-methoxyethyl 
nethacrylate, 3-nethoxybutyl nethacrylate, 2-propoxyethyl 
nethacrylate, 2-ethoxyethyl nethacrylate, 2-i.opropoxyethyr 
nethacrylate, 2-butoxyethyl nethacrylate, 2-(2-nethexy- 
ethoxyjethyl nethacrylate, 2-(2-ethoxyethoxy)ethyl 
nethacrylate and 2-(2-butoxyethoxy>ethyl nethacrylate, 
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unsaturated nitriles, such as acrylonltrile (CB2*CHCN)r and 
aethacrylonitrilei and heterocyclic vinyl siononers, sach as, 
K-vinyl pyrrolidone, N«>vinyl carbasole, 2«vinyl«*5- 
ethylpyridine, vinylpyridine (2, 3 or 4), vinylpieoline, 
5 K-vinyltriazole, K-vinyl-3,5-diaethylpyra2olet 

M«-vinylcarbazoler vinyl thiophene, K-vinylpyrrolidone, 
K*vinylpiperidone, H-vinyl* cT-caprolaetaa and 
K-vinyl-S-pyr id ine • 

Useful divinyl nononers include conjugated dienes'and 
10 substituted divinyl acryl monomers (preferably 

p-d i vinyl"- ben zene ) • Examples of useful divinyl monomers 
includes o-, m-> and p-divinylbenzene s divinyl ether or, 
divinyl oxide I(CB2*CH)20] i 3, 9-divinyl8pirobi-meta-dioxane; 
divinyl sulfone (CB2~CBS02CB«CB2) I dienes or conjugated 
15 diolefins, such as, propadiene, l,3-*butadiene, 
1,3^'pentadiene (cis and trans), l,5»bexadiene, 
2-'methyl-l,3**butadiene (isoprene), and 2,3-methylbntadienei 
dicyclopentadiene; and 2*ehlorol-3-'butadiene. 

Comonomers having three vinyl or allyl reactive 
20 moieties, such as triallyl cyanurate, diallyl fuaarate and 
diallyl maleate, are also useful. 

The vinyl reactive moieties of the monomers can be 
substituted, but the substituents (e.g., CI) should not be 
directly on either of the double bond carbon atoms of the 
25 vinyl group (i.e., monovalent unsaturated organo group) 
unless the substituent is alkyl or alkoxy. 

A pigment is a substance that imparts color, including 
black or white, to other materials. Pigments are generally 
considered to be insoluble in the medium (vehicle) in which 
30 they are applied. This invention does not include dyestuffs 
(dyes), which are soluble in the medium in which they are 
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applied. Pigments generally have the property of light 
refractivity, whereas dyes generally only have the property 
of light absorption. This invention includes Inorganic 
pigments and organic pigments. Pigments are used as finely 
5 ground or particulated solid particles. As used herein and 
in the art, the term pigment includes phosphorescent, 
luminescent, fluorescent, metalescent and pearlescent 
materials. 

The pigment must be in particle for. and should hive 
10 a mean particle size between ' 0.1 and loo m 

and preferably between ' ' 0.2 and SD ^. ^e 

most preferred mean particle sise for organic pigments is 
about 0.2 Mxn; "the most preferred particle sise for 
inorganic pigments 1. about 2 pm. Particle size, sise 

15 distribution and shape will be dictated by the pi,«ent(s) of 
choice. This invention helps eliminate pigment aggregate, or 
agglomerates. The color of the pigments are fully developed, 
and high pigment loadings can be obtained. 

Examples of pigments, by color, aret opaque white 
20 pigments, such as, rinc white (ZnO), antimony oxide (SbjOg), 
zirconium oxide (2rO), titanium dioxide (TlO,). llthopone^ ' 
(aW 66 percent BaSO^ and about 34 percent X„8), titanium 
calcium white (25 percent TiO^ and 75 percent CaSO,), and 
■ titanium barium white (25 percent TiO, and 75 percent BaSO,,, 
25 red and orange pigments, such as, red lead (PbgO,), cadmium 
fd lCdS(Se)J, antimony vermilUon (Sb^Sg), vermillion (BgS), 
Chrome orange (PbCrO,. Pb(0H)2] . molybdate orange, tPb(Hos, . 
Ct, P)O^J, cadmium red lithopene tCdS(Se) and BaSO^), and 
qulnacrldone red (C^.B.^O^K,, r yellow pigments, such as, ,l„c 
30yellow.,4ZnO.4Cr03.K,0.3B2O,. barium yellow (BaCrO,), cobalt 
yellow lCoK3(H02)g.H201, strontium yellow (SrCrO.J, Naples 
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yellow I [Pbj(SbO^)2] f chrome yellow (PbCrO^), cadmiun yellow 

(CdS), MBBicot (PbO), cadmiuHi yellow lithophone (CdS and 

BaSO^), and indian yellow (Cj^jH^gOj^^Mg BH^O)? green pigaents, 

such as, cobalt green (CoO»n2nO), viridian (Cr203' 2B2O) , 

5 phthalocyanine green, emerald green ICo{C2H302)2 3Cu(Ae02)21 * 

chromium oxide green (CrjO^), chrome green (Fe^ iFeCCHjgJj and 

PbCrO), and verdigris ICu(C2H302)2* 2Cu(OH)2l , ttalachite 

ICuC03*Cu(0H)2l violet pigments, such as, cobalt violet 

IC03(P0^)2]# ultramarine violet, manganese violet 

10 [(NH^)2Mn2(P207)2l ' quinacridone violet (^20^12^2^2^' 

blue pigments, such as, Prussian blue (Pe^ lPe(CN)gl 3) , 
Egyptian blue (CaO*CuO*4Si02) , manganese blue (BaHnO^ and 
BaSO^), cobalt blue (CuO^Al203), azurite I2CUCO3 CuCOH)^!, 
cerulean blue (CoO*nSn02>r blue verdi^er I2CuC03« Cu(OH)2] , 

15 phthalocyanine blue, and ultramine blue (Na8.ioAlgSigS2^4} J 
black pigments, such as, lamp black (C) , bone black (C and 
^*3^^^4^2^' ^"coal black (C), and graphite (C); and brown 
pigments, such as, sepia. 

A more generalized list of organic and inorganic 

20 pigments which can be used in this invention includes iron 
oxide red, zinc oxide, titanium dioxide, chrome yellow, 
carbon black, chrome orange, chrome green, zinc chromate, red 
lead, the lakes, azo type toners, phthalocyanines, aluminum 
hydrates, lakes, iron oxide, white lead, titanium-containing 

25 pigments, calcium carbonate, aluminum oxide, nltraphone, lead 
chromate, cadmium sulfide, cadmium selenide, barium sulfate, 
azo pigments, anthraquinone and vat pigments, acrylaAno 
yellow, magnesium oxide, chrome red, antimony oxide, zinc 
sulfide, magnesium fluoride and ground barytas. Benzoid 

30 pigments are useful and examples thereof are toners and 

lakes. Examples of benzoic toners ares yellow toners, e.g.. 
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b.noid yellows and Bansa yellow, orange toners, e.g., vat 
orange 3, red toners, e.g., napthol reds, violet toners, blue 
toners, green toners, brown toners, and black toners. 
Esanples of bensoie lakes are, yellow lakes, e.g., acid 
5 yellow 2, orange lakes, red lakes, violet lakes; blue lakes, 
••9., acid blue 93, green lakes, brown lakes, and black 
lakes, e.g., natural black 3. Metallic pigments can be used, 
and an exanple thereof is aloDinun flakes. Mixtures of 
pigments can be used. Hotethat "reactive- pigments sdch as 
10 zno can be used. 

An extender is a substance, usually an inert ..terial, 
which is added to paint to give It extra body, key or 
opacity, or to serve as an adulterating awdium. 

The invention includes the polyaer-encapsulation of 

15 extenders. Examples of suitable extenders (also termed inert • 
white pigments or transparent white pigments) or fillers 
are talc (3NgO 48103 «2«»' ^^^^^ (CaCOj), baryte. (Baso^), 
barium carbonate (BaCOg), aluminum hydrate lAKOHjjJ, mica, 
diatomaceous earth (SiO^), aluminum stearate lAl(C„B3502)3l , 

20 gypsum (CaSO^. 282©, , anhydrite (CaSO^), silica quart. (SiOj). 
kaelinlte (AI2O3. 28102. 2H2O) •«"> other clay and silica 
fillers. 

Mixtures of pigments and/or extenders can be used. 

For specific pigments the advantages are, 
25 (a) TiOj - Increased hiding power with 

reduced pigment level. This must eeeur because 
drying forces induce reagglomeration, loss of ^ 
•urface area and less of bide. A pigment 
particle surrounded by a plastic barrier cannot 
r««gglomerate. 

(b) Calcined Clays - This family can be 
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encapsulated without filling the pigment void 
with encapsulating polymer f so both dry and wet 
hide can be achieved at a fraction of. the cost 
of prime pigments without the negatives 
5 encountered in current aicrovoid technology (no 

wet hider dirt/stain pick-up , gloss 
restrictions, etc.). 
(c) Color pigments - Probably the paint chemists' 
number one headache. Encapsulated color 
10 pigments should eliminate problems of color 

development^ color acceptance (rttb->up), 
floating, flooding^ etc- 

The non-monomer solids are those which are insoluble in 

15 the medium (vehicle) in which they are applied. The 
non-monomer solids can be organic or inorganic. 

Hater that is contained in the initial charge can 
readily be varied over the range of 4/6 to 7/3 water/total 
solids ratiOf wherein such total solids are equal to the 

20 monomer and the non-monomer solids (pigment) content. The 
water is not a solvent in the invention as the pigment, 
monomer, etc., are insoluble therein. The water serves as a 
heat control mechanism and forms the liquid phase of an 
emulsion. Hinor amounts (up to say 10 percent) of 

25 non-aqueous liquids can be used in conjunction with the 
water. Examples of such non-aqueous liquids are alcohols, 
such as, methanol, ethanol* n-propyl alcohol, a-butyl 
alcohol, amy alcohol, isopropyl alcohol, sec-butyl alcohol, 
isobutyl alcohol and 4-metfayl 2— pentanol; ethers, such as, 

30 ethyl ether, diethyl Cellosolve and butyl etheri and 
aldehydes, such as, bensaldehyde and furfural. 
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Tbe.npst pre£errea stabilizing agent or protective 

colloid is »-Det H-1007 (Thonpson-Haywara) , a lOO-jaole 

etboxylate of nonyl phenol. CELWJSIZE, poly(vinyl 

pyrrolldone), and poly( vinyl .acohol) typically can be used 

5 either alone or iii eonbinatien with the T-Oet H-1007. 

Preferred stabilizing agent concentrations are 0.5 to 4.5 

parts based on the solids (mononer plus pigment ). Kith high 

surface area pigments, up to 10 parts based on the total 

solids nay be required, m some eases, monomer alone is 

10 sufficiently surface active to effect dispersion of the 

pigment (or non-monomer solids) and the encapsulated polymer 
can still maintain a stable dispersion. Examples have 
included vinyl acetate or »-vinyl pyrroli:done (v-Pyrol of 
CAP). The presence of anionic surfactants as a wetting or 

IS stabilizing agent is very detrimental to the stability of the 
dispersion. Generally, • system which effectively forms an 
excellent initial dispersion of the pigment is favored, but 
•everal eases have been seen where dispersion seems to 
improve during the initial stages of polymer formation. 

20 Ollgomerie forms of the polymer or its grafts are suspected 
of contributing to the degree of dispersion and it9 
stabilisation analogously to similar processes frequently 
postulated for conventional latex polymerisations. Pigment 
(or non-monomer solids)-to-nonomer ratios at 9/1 to 1/9 are 

25 preferred. 

Carboxylated polymer layers can be formed. if comonomers, 
•uch as, acrylic acid or -lethacrylic acid, are added at the >■ 
final stages of the process. l« this ease, the anionic 
character of such eatboxyllc monomers appears to be weakened 
30 by the preformation of the polymer layer. Also, anionic 
surfactants can be added at the eos^ietion of the 
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encapsulation without causing destabilixation of the 
dispersion. Polyverisation teaperatures over the range of 40» 
to 85* C are preferred. A variety of latex type processes can 
be employed. Preferably sonomer (5 to 10 percent of the 
5 total monomer) is initially added, followed by a monomer 
feed. Other processes which can be used in this invention 
include (1) adiabatic systems in which all of the monomer is 
charged, followed by the catalyst, (2) staged fed systems or 
staged adiabatic systems, and (3) core/shell type systems 
10 where different monomers are sequentially fed or 

. adiabatically reacted or in which staged polymerisation 
processes are employed. The preferred monomers include vinyl 
acetate, the butyl, ethyl, 2«ethylhexyl and isobutyl acrylate 
esters, styrene, acrylonitrile, methyl methacryiate, and 
15 vinyl pyrrolidone. The normal relationships seen in emulsion 
polymerisation appear to prevail, e.g., styrene/vinyl acetate 
copolymers will not form readily. Even vinyl isobutyl ether 
is useful in a copolymer. The principles applicable to 
conventional emulsion polymerisation can be applied as long 
20 as care is taken to keep the system as nonionic as is 
reasonable in the initial steps. 

A pigment should have good dispersing properties aiid 
should be uniformly distributed throughout the surface 
regions or the entire' mass to be pigmented, as desired. 
25 Since the pigment (or solids) is highly dispersed in a 
polymerencapsulated pigment (or solids) dispersion such 
behavior eliminates or minimises the separate task of ^ 
dispersion of the pigment (or solids). 

This invention includes the use of at least one nonionic 
30 surfactant or wetting agent. Nonionic surfactants have 

essentially no charge when dissolved or dispersed in aqueous 
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»edi.. The hydrophllic tendency o£ nonionic .urf.ctant:. 1. 
primarily due to oxygen in the molecule which hydrate, by 
hydrogen bonding to water molecule.. The strongest 
hydrophilic moieties i„ nonionic surfactant, are ether 
5 linkages and hydroxyl groups, hut the hydrophilic ester and ' 
amide linkages are present in many nonionic surfactants^ 

The commercially available nonionic surfactant, include 
.tboxylated alkylphenols, ethoxylated aliphatic alcohol., 
carboxylic esters, caraboxylic amides, and polyoxyalkyl*ne 
oxide block copolymers - .uch are „.e£ul within the scop, of 
this invention. 

Nonionic ethoxylated allkylpbenol. usually are Cg to C 
members or derivatives thereof, such as, nonylphe;oxy^iy ^ 
{ ethyleneoxy ) e tbanol. , dodeeylphenoxypoly ( ethylene- 
5 oxy)ethanols, and octylphenoxypolyC.thyleaeoxy).thanol.. 
Example, of useful nonionic ethoxylated alkylphenol. or mor^ 
specifically •li^ylphenoxypoly(.thyl.„eoxy)etha„ols, (with the 
•Ikyl groups designated in some instance.) are Adsee 50, 
Advawet, Agrimul 70A, Atkaflo-E, Brite. EOC-10 (nonyl), 
Carboxane DO. Carboxane NH, conco Nl-21 (nonyl), Depcopal, 
Dergon, Cisper.ant Sl^. Di.persant KI-w, E.troaon Nl Conc, 
£x«.ide^. Hipochem AR-100, Hyonic PE-100, Ib.r.cour K Conc 
Iberwet H-100. Igepal CA-630 (octyl), ig.p.i cA-730 (octyl) 
I9epel CO-210 (nonyl,. jgep^a co-430 (nonyl,. ig.p.i cO-53o' 
(nonyl, , igepal CO-630 (nonyl,. igepai co-710 (nonyl,, 
I9ep.l CO-730 (nonyl,, igep.i co-eso (nonyl,, Ig.p.i co-880 
<nonyl,, ,gep.i dm-530 (dialkyl,. Igepal D«-730 (dialkyl), ' 
I9epal to.430 (linear alkyl,. xgep.1 LO.520 (linear alkyl), 
igepal tO-630 (linear alkyl,, igep.i x,o.730 (linear alkyl), 
Polytergent 8-3S0 (nonyl,, Polytergent G-300 (octyl,. 
Polytergent C400 (octyl,. Kenex 648 (nonyl,, 550 
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(nonyl), Renex 67B (nonyl), Kenex 690 (nonyl), Ketzanol 
KP-40, Retzanol NP-80, Retxanol NP-120, Retxanol NP-2D0, 
Retzanol NP-500, Solar 4 Liquid Cone, (nonyl), Bolar 12 
(nonyl). Solar 53 (nonyl). Solar NP 100 (octyl). Solar KP 
5 Liquid Cone, (nonyl). Solar NPO (nonyl), Sponto 200, 
Standopon, Surfonie H-40 (nonyl), Surfonie K-60 (nonyl), 
Surfonic N-95 (nonyl), Surfonie N-120 (nonyl), Surfonie N-200 
(nonyl), Surfonic N-30 (nonyl), Synthonon 100 (nonyl), T-DET 
N-4 (nonyl), T-DET W-6 (nonyl), T-OET M-9.5 (nonyl), T-DET 

10 N-12.5 (nonyl), T-DET N*15 (nonyl), T-DET N-20 (nonyl), 
Intexon NP-3 (nonyl), Lcvelenc (nonyl), Lipal 9K (nonyl), 
Makon 4, Hakon 10, Hakon 20, Makon 30, Meopon NP-10, 
'Neutronyx 600 (nonyl), Keutronyx 605 (isooctyl), Neutronyx 
622 (nonyl), Neutronyx (nonyl), Neutronyx 676 (nonyl), Ninox 

15 BDO, Ninox BFO, Nonionic E-4 (linear alkyl), Nonionie E-10 
(linear alkyl), Konionie E-15 (linear alkyl), Nutrosan TS 
Cone, (nonyl), Polytergcnt B-300 (nonyl), Tergitol L2-P-6 
(dodeeyl), Tergitol 12-P-9 (dodecyl), Tergitol 12-P-12 
(dodecyl), Tergitol NP-14 (nonyl), Tergitol HP-27 (nonyl), 

20 Tergitol KP*33 (nonyl), Tertitol NP-35 (nonyl) Tergitol NP-44 
(nonyl), Triton N-57 (nonyl), Triton K-101 (nonyl) Triton 
N-111 (nonyl), Triton X-35 (octyl), Triton X-4 5 (octyl), 
Triton X-100 (t-oetyl), Triton X-102 (t-oetyl), Triton X-114 
(t-»oetyl), Triton X-165 (octyl), Triton X-205 (octyl), Triton 

25 X-305 (octyl), and Valdet (nonyl) • 

Examples of useful nonionie ethoxylated aliphatic 
alcohols, or nore specifically alkylpoly(ethyl-» 
eneoxy)ethanols, (with the alcohol designated in some 
instances) are Alfonic 1218-60 (primary, linear )t Alfonic 

30 1012-60 (primary, linear), Alfonic 1014-60 (primary, linear), 
Alfonic 1460-60 (primary, linear). Alio Scour RB, Antarox 
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BL-330, Antarox LF-330, Atosutf JL-457 (oleyl), Arosurf 

(oleyl), AzDcrest, Bio Soft EA-10, Brij 30 (lautyl), 
Brij 35 (lauryl). Brij 52 (cetyl), Brij 56 <cetyl). Brij SB 
(cetyl), Brij 72 (stearyl), Brij 76 (etearyl), Brij 78 
5 istearyl). Brij 92 (oleyl), Brij 96 (oleyl), .Brij 98 •• 
(oleyl), Carboxane TH-85, Cerfak. Crestonul L, Oepconol 111, 
Dergopen SN, Drupene VO-250, EiDnon6954, Emulphogene 
BC-420(trldecyl), E«ulphoge«e BC-610 (tridecyl), Emulphog.n. 
BC-840 (tridecyl), Emulphor ON-870 (oleyl), tlpai 30 SA 
10 (atearyl), Lipal 3 TD (tridecyl), Lipal 6 TO (tridecyl), 
Lipal 10 TD (tridecyl), Neodol 23-3 (0^2.13 pri«.-lin.). 
Neodol 23-6.5 (0^3.^3 prl«.-li„.,, Heodol 25-3 (C^^.^j 
pri«.-li„.). Neodol 25-7 (C^^.^^ pti».-lin.). Heodol 25-9 
<*=12-15 P^^in.-lln-), Keodol 25-12 (C^j^js pri«.-liB.). 
ISNutrosan 0-9, Plurafac A-38, Poly Tergent J-200 (ttliS.cyl), 
•Poly Tergent a-500 (tridecyl), Promulgen 1703, Renex 30 
(tridecyl), Retxanol SB. Siponic t-4 (lauryl), Siponic L-12 
(lauryl-). siponic L-I6 (lauryl), Siponic L-25 (lauryl), " 
Ethosperse LA-4 (lauryl), Etbosperse LA-12 (lauryl), 
20Ethosperse LA-23 (lauryl), Ethosperse OA-9 (oleyl), 

Etbosperse TDA-6 (tridecyl), Ethosperse TDA-12 (tridedcyl), 
Exa«ide-nA. Poryl 100, Byonic KO-620, Igepal A (lineara 
alcohol) Kyro BOB, Lipal 610 (tridecyl), Lipal 2 CA (cetyl), 
Lipal 9 LA (lauryl), Lipal 4 LA (lauryl), Lipal 12 LA 
25(lauryl), Lipal 23 LA (lauryl), Lipal 4 MA (»yristyl), tipal 
8 HA (myristyl), Lipal 2 OA (oleyl), Lipal 5 OA (oleyl), 
Wpal 10 OA (oleyl), Lipal 20 OA (oleyl), Lipal 50 OA 
Celeyl),. Lipal 20 SA (stearyl), standamul 16, Btandapon 209, 
Sartonic JN-70 (n-.lkyj,. Surfenic Ky.30 (pri.ary-li„ear) , 
SOSnrfonie OT-66 (primary-linear), Surfonic HY-150 

(primary-lineat,, Surfonic Hy-300 (pri»ary-li„ear ) , Telkanite 
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Tergitol 3-A-.6 (tridecyl), Tcrgitol 15-S-5 (Becondary, 
^11-15*' Tcrgitol 15-5*9 (secondary €^2^25) » Tcrgitol 15-S-12 
(secondary, C^^^-IS*' Tcrgitol 15-S-15 (secondary, C^j-lS*' 
Tcrgitol 45-S-9. Tcrgitol 44-S-lO, Tcrgitol TWN 
5 (trimethylnonyl), Triton Volpo 3 (oleyl), Volpo 10 

(olcyl), Volpo 20 iolcylJr Trycol XAL*4 (lauryl), Trycol 
■lAI^e (lauryl), Trycol XAL-12 (laoryl), Trycol lAL-23 
(lauryl), Trycol TDA-6 (tridccyl), Trycol TDA-9 (tridecyl), 
Trycol TDA-15 (tridccyl), Tricol TDA-18 (tridccyl), Tricol * 
10 OAL-23 (olcyl), Stcrox AJ-IDO (tridccyl)r and Steros AP-lOO 
(tridecyl). 

The nonionic earboxylic acid ester type of surfactants 
arc polyolsolubilized, poly oxy e thy lene*solubi Used, or both, 
and arc based on several different types of hydrophobes. The 

15 nonionic earboxylic acid esters include glycerol esters, 
polyethylene glycol ester, anhydrosorbitol esters, 
ethoxylated ahhydrosorbitol esters, ethylene and diethylcne 
glycol esters, propanediol esters, and ethoxylated natural 
fats and oils. Examples of useful nonionic glycerol esters 

20 of fatty acids arc Aldo HC (nonococoate) , Aldo ML 

(Bonolaurate), Aldo MR (nonoriclnoleate) , Aldo H5, Hat. For. 
(Bonostearatc) , Arlaccl 165 (Bonostcarate) , Atnos 150 (mono 
and di fatty acid), Atnul 80 (nono and di fatty acid), Atnul 
124 (mono and di fatty acid), Atmul 500 (mono and di fstty 

25 acid), Cerasynt O (monostearate) , Dreraulsc CNO 470 

(Bonococoatc) , Orewnulsc GHO {Bonooleatc) , Dremulse bH-100 
(monostearate), Emcol MSC (monostearate), Emcrest 24(fO 
(Bonostearatc), Emcrest 2421 (monoolcatc) , Flexricin 13 
(Bonoricinoleate) , Ballco CPB*34->N (monolaurate) , Bailee 

30 CPfi<-35*H (Bonoricinoleate) t Bodag GHL (Bonolaurate), Bodag 
GHO (Bonooleate) , Bodag GHR (monorieinoleatc) , Bodag GHS 
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(»onostearate), Kessce E.ter (dol.at.), Ke.seo E.t.r 
<»o«ool..te), Ke.sco Ester (»o„ost..r.te) . Henefl.k. 
(monpstearate), Myverol a^yp, 18.45 (cottonseed, »ono). 
Hyverol Type 18-98 (s.f flower oil, „o„o), Surfactol 13 
5 («onorici«oae.te;,and Onivax-GMS («ono.tearate). 

The polyethylene glycol series o£ nonlonic surfactant. 
«e the polyexyethylene ester, of f.tty .eld. .„d of 
alicyclic carboxylic aci.s relate- to aMetic acia. Exa»pl.. 
Of useful nenlonic polyethylene glycol ester, fatty aclbs, 
10 rosin e„a tall oil Cwith the degree of ester ification and 
the acid designated, are Aldosperse HL-14 (.ono, l.oric,. 
Aldosperse 0-9 («o«o, oleic,, Aldospe.se s-g (.ono, 
"earic, Aldosperse 6-40 (»o„o, stearic,, Aro.„f tfrL-418 
(«one, lauric, Arosurf BFL.714 («,„o, i^.ric) . Aroiurf 
15 Hfs.546 („o„o, stearic,, Arosurf BPS-846 (a«,„o. stearic,, 
Arosurf Hrx.453 („ono, tall oil,, Carboxan. 863 (.ono, 
fatty,. E»col H-31A ,„o«o. oleic,, E.ere.t 2620 (.ono, 
l-urlC. Everest 2622 («. i.^.^^,, ^^^^ ^^^^^ 

stearic,. Everest 2642 (di. stearic,, E.erest 2646 (.ono, 
20 Oleic, Everest 2650 {.ono. lauric,, E.erest 2652 (di, 

lauric. Everest 2660 ,„o„o. oleic,, E«„lphor VH-430 (»o„o. 
fatty,. E.„isy„t 600 (di, oleic,, E.te, P4-0 (.ono, oleic,, 
Este, P4-S („ono. stearic,. Este, SE 750 („ono, a.urlc,, 
K..SCO Ester <„ono. lauric,. Kessco Ester (di, oleic,, Kessco 
25 Ester (.ono. oleic,. Kessco Ester (di. stearic,, Kessco 

C»ono. stearic. Kessco Ester (.ono. 1.^^^,, i.lp.1 300 ox. 
Cai, lauric. Lip.i 400 OS (di. .tearic,. Mpal 300S («ono. 
atearic, Mcrosol 120 c»o«c. stearic,. Horo.ol 3r (.ono, ' 
ole C, Horosol 3r (.o„o, oleic,. „oro.ol 4. (.ono, lauric,, 
«yri 45 (.ono. stearic,. „yrl, S2 (.ono, stearic,, «eutronyx 
«8 (di. stearic. «eutronyx 330 (.ono. soy^.n, . Keutronyx 
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332 (XDono, stearic), Keutronyx 834 (mono, oleic), Konisol 
100 (none, laaric), NoniBol 200 (mono, oleic), Sonisol 300 
(mono, stearic), Nopalcol 6-L (aono, lauric), Kopalcol 6-0 
(nono, oleic), Bthofat C/15 (aono, coconut), Ethofat C/25 
5 (mono, coconut), Ethofat 142/20 (nono, tall oil)# Ethofat 
242/25 (nono, tall oil), Ethofat 0/15 (mono, oleic), Ethofat 
0/20 (mono, oleic), Ethofat 60/15 (nono, stearic), Ethofat 
60/20 (nono, stearic), Ethofat 60/25 (nono, stearic), Bodag 
20-L (nono, lauric), Bodag 40«-L (nono, lauric), Bodag 40-0 
10 (nono, oleic), Bodag 40-S (nono, stearic), Bodag 40-R (nono, 
ricinoleic), Bodag 42-^L (di, lauric), Bodag 42-5 Cdi, 
stearic), Bodag 60-L (nono, lauric), Bodag 60-S (nono, 
stearic), Bodag €2-0 (di, oleic), Bodag 62-5 (di, stearic), 
Booag 150-5 (nono, stearic), Bodag 150-O (di, oleic), Keripon 
15 NC (nono, fatty), Kessco Ester (nono, lauric) , Kessco Ester 
(di, lauric), Pegosperse 400-*DL (di, lauric), Pegospcrse 
400-DO (di, oleic), Pegosperse 400-D5 (di, stearic), 
Pegosperse 400-HOT (nono, tallic) , Pegosperse 200-HL (nono, 
lauric), Pegosperse 100-HR (nono, ricinoleic), Pegosperse 
20 100-M5 (nono, stearic), Pegosperse lOO-O (nono, oleic), 
Renex 20 (nono, fatty and rosin), RJT Base (nono, fatty), 
Soltex 3635 (nono, fatty), 5tearox CD (nono, tall oil). 
Surfactant AR150 (nono, rosin), Teox (nono, tall oil) Trydet 
SA-6 (nono, stearic), Trydet 20 (nono, tall oil), Varconic Q 
25 510 (nono, oleic), and ViscoL-1117 (nono, stearic). 

Comnercial polyoxyethylene fatty acid esters are nixtures 
that contain various proportions* of the following con]^nents: 
nonoesters, RCOO(OCB2CB2)^Ofi; diesters, RCOO(OCB2CB2)^O0CR; 
and polyglycol, B(OCB2CH2)„OB. 
30 Sorbitan is a nixture' of anhydrosorbitols. Exanples 

of useful nonionic fatty acid esters of sorbitan (vith the 
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eBter designated) are Armotan ml (nonolaurte) , Araotan HO 
(monooleate), Armotan MS (nonoatearate) , Dre%niuls« BMI. 
(Bonolaurate), Drewmulse SHO (monooleate) , Drewnulse SHP 
(jnonopalttltate), Drewmulse SMS (nonoBtearate) , Bmsorb 2500 
5 (monooleate), Emsorb 2505 (monostearate), Emsoxb 2510 
(monopalmitate), Emsorb 2503 (trioleate), Emsorb 2507 
(tristearate), Estasorb L (monolaurate), Estasorb P 
(monopalmitate), Estasorb s (monostearate), Estasorb O 
(monooleate), Estasorb TS (tristearate), Estasorb TO 
10 (trioleate), Glyconul L (monolaurate), Glycomul 0 

(monooleate), Glycomul p (monopalmitate). Glycomul S 
(monostearate), Bodag SML (monolaurate), Bodag SHP 
(monopalmitate), Bodag SMS (monostearate), Bodag STS 
(tristearate), Bodag SHO (monooleate), Bodag STO (trioleate), 
15 Span 20 (monolaurate). Span 40 (monopalmitate). Span 60 

(monostearate). Span 65 (tristearate). Span 8 (monooleate). 
and Span 85 (trioleate). 

Exaa^lcs of useful exoxylated anhydrosorbitol esters, 
or more specifically poiyoxyethylene derivatives of sorbitan 
20 fatty acid esters (with the estar designated) are Armotan 
PML-20 (monolaurate), Armotan PMO-20 (monooleate), Armotan 
FHS-20 (monostearate), Dxevmulse POE-SMO (monooleate), 
Drewnulse POE-SHL (monolaurate }, OxewBulse POE-SMP 
(monopalmitate), Dre»n«ul8e POE-SHS (monostearate), Drewmulse 
25 POE-STS (tristearate). Emprite 6120 (monooleate), Emrite 6125 
(monostearate), Emrite 6127 (tristearate), Glyeosperse L-20 
(monolaurate) , Glyeosperse 0-20 (monooleate) , Glyeosperse 0-5 
(monooleate). Glyeosperse P-20 (monopalmitate). Glyeosperse 
S-4 (monostearate), Clycesperse S-20 (monostearate), 
30 Glyeosperse TO-20 (trioleate), Glyeosperse TS-20 

(tristearate), Bodag PSMl,-20 (monolaurate), Bodag PSHD-20 
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(XDonooIe&te) « Bodag PSHP-20 (nonopalmitBtc) , Bodag PSM5-20 
(monostearate) , Bodag P5TS-20 (tristearate) / Bodag PSTO-20 
(trioleate), Sorbinox L-20 (monolaurate) , Sorbinox 0*5 
(nonooleate) , Sorbinox O-20 (monooleate) , Sorbinox P-20 
5 (nonopalmitate) , Sorbinox S*20 (monostearate) « Sorbinox TO-20 
(trioleate), Sorbinox TS-20 (tristearate), Tween 21 
(monolaurate) , Tween 20 (monolaurate) , Tween 40 
(monopalmitate) r Tween 61 (monostearate) , Tween 60 
(i&onostearate) , Tween 65 (tristearate), Tween 81 
10 (monooleate) , Tween 60 (nonooleate) , and Tween 65 
(trioleate). 

Examples of useful glycol esters of fatty acids (with 
the ester designated) are Cerasynt H (X:g stearate), Drewaulse 
EGMS (£G nonostearate) , Dreraulse EGDS (EG distearate), 

15 Emerest 2350 (EG nonostearate), Ballco (EG 

nonostearate), Bodag EGS (EG nonostearate), Kessco Ester (EG 
distearate), Kessco Ester (EG nonostearate), Cerasynt K (DEG 
nonostearate), Encol CAD (DEG stearate), Encol DOS (DEG 
oleate), Encol RDCD (DEG cocoate), Emerest 2360 (DEG 

20 nonostearate), Bodag DGL (DEG nonolaurate) , Bodag DGO (DEG 
nonooleate), Bodag DG5 (DEG nonostearate), Kessco Ester (DEC 
nonostearate), Cerasynt PA (PG nonostearate), Drewlene 10 (PG 
nonostearate), Drewnulse PGHL (G nonolaurate), Drewnulse PGMS 
(PG nonostearate), Enerest 2381 (PG nonostearate), Enerest 

25 2386 (PG distearate), Ballco CPfi*32 (PG nonostearate), Bodag 
PGHL (PG nonolaurate), Bodag PGKS (PG nonostearate), and 
Pegosperse PS (PG stearate). Above, EC is ethylene glycol, 
DEG is diethylene glycol and PG is propylene glycol. 
Examples of useful ethoxylated natural fats, oils and waxes 

30 that are nonionic surfactants are the ethoxylated castor 
oils. 
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Nonionic surfactants include catboxylic aaides, such as, • 
diethanolanine condensates / roonoethanolamine condensates and 
Isopropanolamine condensates. Examples of useful nonionic 
dlethanolanides of fatty acids are the diethanolamides of 
coco, laurlc, oleic, nyrlstic, stearic and riclnolelc acids. 
Examples ef useful nonionic Bonoalkanolanides of fatty acids 
are those of lauric, coco, oleic and stearic acids, with 
the aalne moiety being that of ethanol or isopropanol. 
Nonionic surfactants also include nonionic polyoxyethyiene 
fatty acid amides, for example, of coco, laurlc and oleic 
acids. 

Nonionic surfactants include polyalkylene oxide block 
copolymers such as Tergitol XB and XO 
Cpolyoxypropylene-polyxyethylene) of Onion Carbide 
corporation, and polys iloxane-polyoxyalkylene copolymers such 
as L-520 of anion Carbide Corporation. 

The initiator or catalyst systems appear to be critical 
to a successful polymer-encapsulated pigaent (or non-monomer 
solid). The most preferred system is t-butyl hydroperoxide 
with sodium formaldehyde sulfoxylate (a Redox system). 
Hydrogen peroxide/sodium formaldehyde sulfoxylate and 
hydrogen peroxide/ferrous ion systems are preferred. All 
attempts so far to use thermal potassium or ammonium 
persulfate or a redox system of potassium per snl fate/sodium 
formaldehyde sulfoxylate system have resulted in 
destabilixation. Apparently the anionic character of such 
systems somehow interferes with the encapsulation as do y 
anionic surfactants. 

The initiator can be a free radical initiator. The 
preferred free radical initiators are the peroxides. 
Examples of useful peroxides are. the dialkyl peroxides, such 
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asr di-t*butyl peroxide r lauroyl peroxide* decanoyX peroxide » 
2-inethylpentanoyl peroxide, acetyl peroxide « 
2 1 5-*d ine thyl- 2 « 5«»d i ( t-bu ty Iper oxy ) hexane and 
2r5*di&ethyl-2t5*di(t-*butylperoxy)bexyne-3i tbe diaryl 
5 peroxides* such as, benzoyl peroxidey the alkaryl peroxides, 
such as, dicunyl perox.idei the sulfonyl peroxides, such as, 
acetyl cydohexylsulfonyl peroxide and acetyl 
sec-heptylsulfonyl peroxidei tha peresters, such as, t*butyl 
perbenxoate, t-butyl peroxyneodecanoate, t-butyl 
10 peroxypivalate, 1,1,3,3-tetraBethylbutyl 

peroxy-2-ethylhexanoate , 2 , 5*diBethyl-2 , S-bis- 
(2~ethylhexanoylperoxy) hexane, t'-butyl peroxy-2-> 
ethyl-hexanoate, t<^butyl peroxyisobotyrate, t^butyl 
peroxymaleic acid, OO^t-^butyl O-isopropyl 
1 5 Bonoperoxycarbonate, 2,5*disiethyl*2,5-bis-' 

Cbenxoylperoxy)hexane, t-butyl peracetate and di«*t«butyl 
diperoxyphtbalate; the per oxy di carbonates, such as, 
di(i6opropyl) peroxydicarbonate, diisopropyl 
peroxydicarbonate, di(secbutyl) peroxydicarbonate, 
20 di(2-ethylhexyl) peroxydicarbonate, dicydohexyl 

peroxydicarbonate and dibenzyl peroxydicarbonate; the 
organoBietallic peroxides, such as, vinyl tristt-butyl 
peroxy)silanes the hydroperoxides, such as, t-butyl 
hyaroperbxide and cunyl hydroperoxide, 
25 1,1,3,3-tetramethylbutyl hydroperoxide and 

2,5-dihydroperoxy-2,5-diiBethylhexanei and the azo coapounds, 
such as 2,2**asobis(isobutyronitrile) and ^ 
2,2**azobis(2,4-dimethylvaleronitrile). 

The polymet-encapsulated pignent (or non^-mononer solid) 
30 dispersions of the Invention are stable and there is no 

separation when centrifuged. During the preparation of the 
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polymer-encapsulated pigments (or non-monomer solids) of the 
Invention, high speed agitation (ior exaaple, a circulation 
number per minute of the dispersion of 3 or more) has the 
disadvantage of causing foaming. The invention provides 
water-based dispersion coatings obtained from nonionie 
systems. 

Except as qualified above, water-soluble monomers 
such as acrylic acid and methacryllc add are not operable 
as the nonionie monomer within the scope of the invention 
process. 
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Reagents 

The following is information on 8o»e of the reagents 
used in the following examples. 

(1) PHA-30 is a 30 percent solution of phenyl mercuric 
acetate. 

(2) Monite is a CaCO^ pignent made by Thomson, Weinman 

& Co. 

(3) ASP*170 is a China clay pigment made by Engslbardt. 

(4) Zopaque RCX^9 is a Ti02 pigment made by Glidden 
Pigments Division. 

C5) CELLOSlZ£®is hydroxyethyleellulose made by Union 
Carbide Corporation. 

(6) Xgepal CO-990 is made by GAF. 

(7) TiPure R-931 is a TiO^ pigment made by £.Z. duPont 
de Kemours ft Co. 

(6) DCAK® Latex 351 is made by Union Carbide 
Corporation and is a vinyl acetate/n-butyl acrylate resin 
having 65 percent solids and a nonionic stabiliser system. 

(9) Rhoplex AC~388 is an acrylic latex (used in paints) 
made by Rohm and Baas. 

(10) Nytal 300 is a talc pigment made by Vanderbilt. 

(11) Tamol 731 is a dispersant made by Rohm and Baas. 

(12) Titanox 2020 is a Ti02 pigment made by 
Chemicals. 

(13) L-475 Antifoam is a silicone. 

(14) UCAR ® Latex 367 is a polymer of 78 percent vinyl 
acetate and 22 percent n^butyl acrylate. 

(15) Texanol is a coalescing aid made by Eastman. 

(16) R-900 TiO, is made by E.Z. duPont de Nemours s Co. 



10 



15 



01 04498 

- 31 - 

13614-1 

(17) OP-4400H 1. CELLOsizr ® hydroxyethyle.ll„io.e 
nade by Onion Carbide Corporation. 

(IB) Gold Bond R is a ailica. 

(19) Celite 281 i. « .Hie. fiHer aade 1^ 
John-Manville. 

(20) colloid. 581-13 is a aurfactant. 

(21) TTonox CK.822 i. a Tio^ pigment »ade by K.rr:«cG«. 

(22) satroaol la a hydroxyethyl cellulose «ade by 

Hercules, 

(23) 1-1212 i. a 55 percent PVC interior paint 
formulation published by Union Carbide Corporation. 

Definition X Pvc - pig,nent voluae concentration - 
22^j_ofjgigaent 

vol. oi pigment and vol. " of binder 

(24) Kalco is an antifoan agent. 

(25) Satlntone No. 5 Is a clay. 

(26) Dowicil 75 is a formaldehyde rele.s. agent used 
«» • biostatlc agent. 

(27) T-I,ET-N.507 is a lOO-mole ethoxylate of nooyl 
phenol made by Xhoinpson-Hayward. 
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The folloving examples ace illustrative of the 
invention. As used herein, all parts, percentages, ratios and 
proportions are on a weight basis unless otherwise stated 
herein or obvious herefrom to one ordinarily skilled in the 
5 art. 

XXAMPLE 1 

A finely-divided precipitated CaCO^ was encapsulated 
with a copolymer of vinyl acetate and n-'butyl acrylate' 
(60/20), which was similar to a typical commercial or trade 
10 sales latex copolymer* The pigment to resin ratio was 25 to 
7S. A nonionic surfactant and a nonionic initiator and 
nonionic catalyst (redox system) was used. A shadowed 
photomicrograph was made and the presence of Ca(X)^ in the 
particles was confirmed by EDAX definition. 

15 EXAMPLE 2 

A physical blend of particles of a latex (Rhoplex 
AC-386) and a talc (Nytal 300) at a 4 to 1 ratio of polymer 
to pigment was prepared. Shadowed photomicrographs of the 
blend shows the dominance of latex particles. This is a 

20 prior art example. 

EXAMPLE 3 

A physical blend of particles of Rhoplex AC-*388 and a 
talc (Hytal 300) at a 1 to 4 ratio of polymer to pigment was 
prepared. Shadowed photomicrographs of the blend shows the . 
25 dominance of pigment particles. This is a prior art exai^ple. 



EXAMPLE 4 

Finely-divided talc particles (Kytal 300) were 
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•aeapsal.tcd with poly(vlnyl .eetate) at a 4 to 1 ratio of 
pelyaar to plgnent. A nonionle surfactant and a nonionic 
initiator and nonionic catalyst (redox aystea) was used. 
Bxanination of SEH photomicrographs did not reveal the 
5 preseace of any spherical late, particles. The shape of the 
talc particles is auch that latex particle, would hav. .asily 
been seen. 



8BM photographs and EDAX traces of a production sample, 
10 conventional, commercial semi^less 126 percent pigment 
volume concentration (PVC)J were made. SEH is scanning 
electron microscope and EDAX is analysis of the fluorescence 
pattern in conjunction with the 8BM. The 2S-PVC paint -wa. 
prepared as follows, 34'.6 POu,^« of propylene glycol mJT ' 
15 gallons of water vere^ mixed. 3 pounds of L-475 Antifoam, 
pounds Of Ta»ol^731^. 2'po«'nds of Triton CR-T. V^u'nds of 
igepal CO-8eo, 240 plund. of R-SOO TiO^, and* o'.\5%oonds of 
PMA-30 were added aeguentially. The admixture was ground for 
20 "inutes^.t high speed. 2' gallons of water was used a. a 
20 rinse. 40.5 gallons of^ water, V poun'd. of 1.475 Antifo^i/^'^' 
pounds Of OP-4400H and 1 pound of 29 percent of ammonia 
solution were premixed by addition in a sequential order. 
The premix di-.^olved and added to the main admixture with 
agitation. 290.4 pounds of Rhoplex AC-388 and Vl."7%onds 
25 Of Dear ® Latex 367 were added sequentially with agitation. 
The mixture was »ixed for 30 minutes after all of the 
ingredients had been added (exces.lve mixing time would cause 
foaming). A SEH photograph and.. EDAX trace were made of « 
polymer-encapsulated pigment, based on Titanox 2010 (Ri. 
industries. Titanium Pigments Division, titanium dioxide) 
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which was encapsulated with an 64 percent vinyl aeetate/16 
percent butyl acrylate polymer at Ti02/polyner (resin) ratio 
(26 percent FVC) which was equivalent to the above 26-PVC 
paint. In both paints the particle size of the Ti02 (0.2 |im] 
5 is quite similar to the latex size (/^ 0.5 /zb) so that 

the comparison is more difficult to make than in the above 
examples. Nonetheless, in the conventional paint. (26-PVC 
paint> the latex/pigment mixture can clearly be seen while in 
the paint containing the polymer-encapsulated pigments only 
10 one type of encapsulated particle is apparent. 

EXAMPLE 6 

TiO^ (Titanox 2020} was dispersed with the typical small 
amount of dispersant (Tamol 731) used in conventional paint 
technology, an aqueous dispersion resulting. This was a 
15 control. A laboratory*prepared paint based on the following 
formulation (25 PVC) was prepared. 



TABLE I 
FERCEWT PVC LADDER 
TROWOX CR-822/*UCAR'' LATEX 366 



20 Grind Parts by Weight 

Kater 180 .0 

QP-4400 4.0 

Tamol 731 12.0 

TERGITOL ® NPX 4.0 

25 Colloids 581-B 2.0 

Nuosept 95 1«0 

Titanox 2020 240.0 



01 04498 



-35 - 13614-1 

Let Down 

Propylene Glycol 45 „ 
Texanol 

OCAR ® Latex 366 339.0 

Triton CR-7 j„ 

B^O or 2« 139.0 



to es Ku 



NB^CH 



to pB 8.5 



The re.ult.nt paint had 45 percent- total .olids ^ 25 
10 percent- PVC. This was a conventional paint. A 

pely».r-.„«p,„i.ted pigment was prepared encapsulating 
- Titanox 2020 with poly(vinyl acetate, at an equivalent 
Ti02/poly«er ratio (25 percent PVC). SEH -icrophotograph. 
were »«de in .11 three inatances. By comparing the 
15 Photograph, of the control Xio^ di.per.ion. conventional 
paint and the poly»er-encapsulated pigment, the difference 
•between the polymer-eneapsulated pignent. versus the Tip^ 
Pi9».ent control and the paint fixture was quite apparent. 
The polymer-encapsulated pignents appear to consist of . 
20 unifor» encapsulation with an absence of latex particles. 
Which was not the case with the control and the paint ' 
nixture. 



EXAMPLE 7 

TiOj was encapsulated with a copolymer of vinyl acetate 
25 .nd butyl acrylate (64 percent - 16 percent, - the ratfo of 
TiOj to copolymer was 50 to SD. The polymer-encap.ul.ted 
«°r',5rKg/^"'*'"«* » PVC paint .0 a. to have 

2.1 pounds of TiOj per gallon. SEH microphotogr.phs were 
made of a cross-section of a film of the 22-PVC composition 
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having the polyaer^encapsulated pigment and of a 

cross-section of a film of the commercial 26 PVC paint of 

287,52 kg/m' 

Example 5. The paint had 2.4 pounds of Ti02 per gallon. In 
the invention film cross-section, the film itself appeared 
5 much less porous, and the 7102 cores appeared to be much mote 
uniformly distributed throughout the cross-section than was 
apparent in the conventional paint film cross-section. 

EXAHPLE 8 

A number of other observations provided indirect 
10 evidence that a real difference exists between conventional 

paint and paints containing the polymer-encapsulated 

152 imi 

pigments. When side-byside comparisons were iaade of 6 mil wet 
draw downs of a polymer-encapsulated TiOj versus a 
conventional semi-gloss paint (TiO^/latex polymer mixture) 
15 and the films were allowed to dry, a visual appearance 

difference existed. Although measured gloss differences were 
not large at equivalent pigment/polymer ratio (same FVC 
level) when measured by the usual 60 gloss meter, the 
polymer-encapsulated pigment films provided a clarity or 
20 sparkle similar to a distinctness of image (XX)I) character 
not seen in the conventional paint films. Host such 
comparisons were made on Leneta charts or Leneta scrub 
resistance panels. When cast on a metal surface (aluminum 
panel), the polymer-encapsulated pigment film appeared to 
25 telegraph the metal surface through to the semi-gloss paint 
film. Comparative scrub resistance measurements of 
conventional semi-gloss paints versus polymer-encapsulated 
pigment films at equivalent PVC levels also showed advantages 
for the polymer*encapsnlated pigment film as long as a 
30 reasonable attempt was made to maintain a high molecular 



01 04498' 



37 - • 13614-1 

weight m the .ncap.ul.tl„g polymer layer exerciser osing 
conventional l.t.x technology principles. App„ent hiding 
i»prove«entB e£ poly«er-encap.ul.t.d pigment fil„s versus 
conventional paints were also observed. The «agnlt«de of ' 
5 these difference, were apprexinately those seen in 
co»petitive plastic pigment technologies, e.g.. those 
technologies reported by Glldden and Dolux, which per«lt 
equivalent hiding at about a 30 percent reduction in TiO, 
level. Exceptional stability in TiO^-based 
10 pelyer-encapsulated pigment dispersions also existed. 
Atteapts to centifuge 50 percent solids, 15 Pvc 
polyer-encapsulated plgs,ent dispersions based on TiO^ 
(RCL-9) encapsulated with 84/16 vinyl acetate/butyl acrylate 
copolymer and to separate a supernatant layer failed. 
15 .tabillty was so high that no separation occurred nnder the 
conditions selected. Although control TiO, dispersions were 
not run. operation was conducted under condition, at which an 
•«y separation would be expected. Repeated observation, 
were »ad. during the preparation of polymer-encapsulated 
20 Pigment dispersion, that indicate that an extremely high 
degree of di.per.lon was readily obtained, m fact, an 
optical light microscope was used to examine dilutions of 
reaction mixture., and the absence of large flocculate, was 
frequently observed. The wetting behavior on a drawdown of 
25 ««ny of the polymer-encapsulated pigment dispersions 
.ide-by..lde with conventional paints appeared to cause a 
separation or demixing of the films. Addition of some 
anionic wetting agent or Intentionally mixing a 
polymer-encapsulated pigment dl.perslon with a conventional 
30 paint removed this apparent wetting incompatibility. All of 
these behavioral dlf ferencei .how that .ubstantial and 
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potentially significant differences exist between the 
polymer-encapsulated pigment technology and conventional 
paint technology or prior-art technologies related to plastic 
pigments • 

5 EXAHPIS 9 

Zopagne iaiC-9 Ti02 (Glidden Pigments Division) yielded 
polymer-encapsulated pigment dispersions of excellent 
stability - a 15 PVC version was still stable after six 
months with no syneresis. The best success was obtained with 
10 Titanox 2010 (Nl* Industries t Titanium. Pigments Pivision) 

which is considered to be a grade of TiOj for plasties rather 
than coatings applications-with a content of 97 percent TiOj 
and a trace ( 1 percent)' of alumina (AI2O3) surface 
treatment. Stable dispersions and good film quality resulted 
15 and were reproduced from batch-to-batch preparations of the 
polymer-encapsulated pigment dispersion. Titanox 2020, a 
coatings grade TiO^t has also been used to prepare 
polymer-encapsulated pigment dispersions. 

TiOj of the brand Tronox CR-822 (Kerr-McGee) gave stable 
20 dispersions; but SEM photographs suggested that encapsulation 
was not uniform, and the polymer layer appeared to be 
lopsidedly attached to the Ti02 particles. Pilm quality also 
suffered. On the assumption that a surf ace treatment existed, 
extraction of the TiO^ with water/monomer mixes, e.g., vinyl 
25 acetate, was attempted. Serious foaming with no improvement 
in encapsulation was observed. In addition to the well-known 
alumina (AljOj) and silica (Si02) treatments which are widely 
applied to coatings grades of TiOjr both organic surface 
treatments and pH adjustments with ammonia, amines, or alkali 
30 hydroxides are frequently employed and sometimes are varied 
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from let to lot. Apparently adv«Be .ff.ets occur from 
organic and non-uni£or«. inorganic .orf.ce treatment o£ many 
grade, of TlO^. Dntre.ted high purity TiO^ are accordingly 
preferred. 

5 Solyaer-encapaol.ted pigment dispersion, were made at a 

level of 70 percent total solid, with a 90/10 pigment/polymer 
ratio using Atomlte (CaCOg) pigment and vinyl acetate 
monomer. A smooth, thick but handl.able di.per.ion resulted 
which Showed substantial syn.re.ls after on. to two days. 

[ This dispersion was made with 2.5 part of T-Det K-1007 on 
solids, improved stabilisation would occur in the 4 to 10 
part rang, of solid.. Ontr.ated Omy.carb DF C.CO3 w.. „..d 
to prepare a 68 percent total solids polymer-encapsulated 
pigment dispersion at a 90/10 pigment/polymer ratio using 
polyvinyl acetate. After five days, no syneresis was 
Observed. The viscosity was high but handleable, and the 
dispersion showed . low brushometer viscosity of I.3 pois. at 
high Shear rate. The low shear rate viscosity or degree of 
thixettopy probably could be reduced by the addltioi of 
anionic surfactant. 

A clay (ASP-170) plus vinyl acetate monomer was used to 
make a 62 percent total solid, polymer-encapsulated pigment 
dispersion at a 9/1 pigment-to-polymer ratio. After one 
month, the dispersion was stable and remained handl.able with 
a trace of syneresis. A .cre.nlng experiment with a red iron 
oxide yielded a fluid dispersion in which the red color wa. 
extremely bright. A successful screening test wa. made with 
a zinc oxide, a reactive pigment. 

Ti-Pure R-900 (duPont, Tlo^) did not disperse readily in 
the initial reaction mixture. Once the initiation of the 
reaction began, the R-900 appeared to defloceulate and 
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smooth, stable dispersion results. Filn drawdowns gave 
variable appearance (gloss) after drying, and considerable 
variation batch**to--batch and from one lot of pigment to 
another was seen. Ti*Pure R-960 (duPont) dispersed readily 

5 in the initial reaction mixture containing vinyl acetate 
monomer. The polymer-encapsulated pigment dispersion did not 
have outstanding stability and showed syneresis (water layer 
formation) after about one month. Only one run was made with 
Xl-960. Ti-Pure R-932 dispersed poorly under all conditions, 
10 and a high-quality polymer-encapsulated pigment dispersion 
was not made. R-931 is a flocculated TiO^ pigment grade, so 
poor dispersion was expected. 

A 70 percent total solids polymer-encapsulated pigment 
dispersion was made with Beaverwbite 325 (talc) and vinyl 

15 acetate monomer at a pigment/polymer ratio of 9/1. 

Substantial syneresis occurred in one to two days. An attenpt 

was made to prepare a 56 percent total solids 

44 \m 

polymer-encapsuiated pigment dispersion of 325 mesh wet 
ground mica; again, substantial syneresis occurred in one or 
20 two days. 

EXAMPLE 10 

Hiding comparisons were also made on Leneta 38 opacity 

charts and visually compared. At equivalent content of TiOj 
287,52 Icg/m' 

(2.4 lbs. per gal.), the polymer-encapsulated pigment 
25 dispersion clearly gave better hiding power than did the 

commercial paint formulation even when compared against^toned 
production sample. Numerous visual comparisons versus 
conventional technology were made over a wide pigment/polymer 
ratio with polymer-encapsuiated pigments based on Titanox 
30 2010. While in conventional paint technology the maximum 
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359,4 - 395,34 kg/m» 



.ttal«.ble hide i. normally achieved aVro ;o'V.3 'ih/.^.a. 
of TiOj in aemi-sloaa paints, extrapolation of the visual 
comparisons indicated that polymer-encapsulated pigment 
dispersions^could H^ie- equivalent hide somewhere in the 
5 range of 2.4 to 2.9 Ibs./gal. as Titanox 2010. A uniform 
polymer layer such as that achieved with Titanox 2010 is 
required. Further, from an understanding of alternative 
technologies for increasing hiding power, e.g.. the use of 
fine particle pigment extenders such as Omyacarb OP. or' 

ID polystyrene plastic pigment, as practiced by Glidden. or the 
•tyren. polyester encapsulated TiO^ (Spindrift) of Oulux. 
It is estimated that the i«prov««.„t of hiding achievable 
with polymer-encapsulat'ed pigment dispersion, is at least 
equivalent to the 30 pircent reduction in TiO^ content 

15 claimed and apparently achieved by these alternative 
technologies. 



EXAMPLE 11 
Comparisons of the scrub resistance of 
polymer-encapsulated pigment dispersions paints versus 
20 commercial paint from Example 5 are shown in Table II. At 
equivalent binder content, the polymer-encapsulated pigment 
dispersions showed about a 4-fold increase in sid.-by-,ide 
comparisons. On long-term drying (2 weeks) of the paints, 
the differential increased to about a 5-ti»e. advantage for 
25 the polymer-encapsulated pigment dispersion*. Care should be 
taken in the preparation of polymer-encapsulated pigment 
dispersion, to use those techniques which maximise molecular 
weight in typical latexes, e.g., jow catalyst, low 
temperature, high monomer concentrations, so that scrub 
30 resistance is maximixed. Comparative wet adhesion tests on 
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glossy alkyd (aged Glidden Shamrock Gceen) vece also run on 
the Bane samples, but no significant degree of vet adhesion 
was sbovn by either the PEP dispersion (22 PVC) or the 
commercial production paint fron Example 5. 
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TABLE II 



SCRUB RESISTAM CE COMPART SQWfg 

CONTROL - PRODUCTIOK SAMPLE OF COMMERCIAL FORMULATION 

NUMBER 58S1 <26 PVC) 

PCP - TIZANOX 2010 ENCAPSULATED WITH MONOMER MIX 

OF B4% VINYL ACETATE/16% BUTYL ACRYLATE 

0,152 2om Gardner Scrub Cycles 

(6 »il wet film, 2-dav d rvl 
initial Wear 10% Wea r 



10 (A) PEP at 3/1 Pigment/Polymer ratio 

46 percent PVC 250 
Control 

(B) PEP at 1/1 Pigment/Polymer ratio 

22 percent PVC 1095 
Control 

(C) Zn6 Batch of PEP at 1:1 

Pigment/Polymer ratio 

22 percent PVC io9S 
Control 230 
20 (D) PEP at 1/3 Pigment/Polymer ratio 
7 percent PVC 
Control 



280 

270 300 
1147 

260 320 



1177 
245 



1165 1215 
245 280 



Notes: 

PEP-polymer-encapsulated pigment 

Gardner Scrub Cycles - standard that is conducted on appara'tos 
sold by Gardner. 
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EXAMPLE 12 

On short-tern dry# the block resistance of 
polyner-encapsuleted pigment dispersions as semi-gloss paints 
was inferior to conventional paint technology. The rate of 
5 water release appeared to be hindered by the 

polymer-encapsulated pigment stroeture of a layer of polymer 
encapsulating a pigment particle. yet« for a 9 rvc film of a 
polymer-encapsulated pigment dispersion based on a 1/4 
Zopague RCI.-9 TiO^ pigment/84% vinyl acetate-16% butyl 
10 acrylated polymer, after a 6-months drying, the block 

resistance of such a 6-mil wet film as excellent. In a brush 
lapping test, there was a 20 minute lap time, 8 hour tack 
time and 24 hour dry-to-touch time when equilibrated. In one 
experiment, TiO^ vas encapsulated with a 60% butyl acrylate 
15 core/40% styrene shell in stages at a 1/4 pigment-to-polymer 
ratio. Films of the polymer-encapsulated pigment dispersion 
on air drying fell apart after a 500-gram weight pressed them 
face to face overnight. 

The same slow water release was visually observed to 
20 provide improved open time to polymer-encapsulated pigment 
dispersions compared to conventional semi-gloss paints even 
without the incorporation of the traditional propylene glycol 
additive. This improvement is 4 to 5 times (based on limited 
observations). 

25 EXAMPLE 13 " 

This example demonstrates the polymeric 
microencapsulation of pigments using standard emulsion 
polymerization techniques. The paint used was a 76.2 percent 
PVC paint similar to the commercial paint used in Example 5. 
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Paint A was prepared by admixing , in a reactor, 430 gn 
of water. 57 gn of Igepal CO-997, B9 g» of vinyl acetate and 
25 g of n-butyl acrylate. The reactor charge was adnixed at 
200 rpm for 15 ninutes at room temperature. 210 gm of TiPure 
5 B-902 was added, and the admistnre was mixed at 300 epm for 
15 minutes at room temperature. 96 gm of Celite 281 was 
added, and the admixture was mixed at 400 rpm for 15 minutes. 
388 g» of Gold Bond R and 260 gm of HjO were added, and the 
admixture was mixed at 460 rpm for 15 minutes *at room ' 

10 temperature. 292 gm of Asp.170 and 260 gm of water were 

added, and the admixture was mixed at 500 rpm for 15 minutes 
at room temperature. 1.3 gm of t-butyl hydroperoxide and 5 
gm of water were added at roffm temperature, and the admixture 
was mixed after its temperature was raised to 50»C. A 

15 prenix of 1.3 gm of sodium formaldehyde sulfoxylate ana 8.0 
gm of water was added. The reaction was allowed to occur for 
1 hour at 68 c. and then 2 gm of Colloid 581-B was added. 
The admixture was cooled to room temperature and transferred. 
The polymer-encapsulated pigments had a weight of solids 

20 of S3.1 percent, a Stormer viscosity of 93 KO, a Brookfield 

viscosity (0.3 rpm) of 6400 ^s'^^Md an JCI high shear 

50 mPa.s 

viscosity Of 0.5 poise. The pB was 7.5. The contrast ratio 
(dry) was 0.99. The contrast ratio (wet) in the paint was 
0.965, and the paint film appearance \"«Tl gap. 3B chart) 

25 was smooth and non-grainy. 

Paint B was prepared by admixing, in a reactor. 430 gm 
of water, 15.2 gir. of igepal CO-997, 89 gm of vinyl acetate, 
25 g Of n-butyl acrylate and iS gm of v-Pyrol. The reactor 
charge was admixed at 200 rpm for 15 minutes at room 

30 temperature. 210 gm of TiPure R-902 was added, and the 
admixture was mixed at 300 rpm for 15 minutes at room 
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teperature. 96 gm of Cellte 2B1 was added, and the admixture 
vas mixed at 400 rpn for 15 ainutes* 388 gn of Bold Bond R 
and 260 gn of B^O were added, and the admixture was mixed at 
460 rpa for 15 minutes at room temperature. 292 gm of 
5 ASP-170 and 300 gm of water were added, and the admixture was 
mixed at 500 rpm for 15 minutes at room temperature. 1.3 gm 
of t-»butyl hydroperoxide and 5 gm of water were added at room 
temperature, and the admixture was mixed after its 
temperature was raised to 50*C. A premix of 1.3 gm of sodium 
10 formaldehyde sulfoxylate and 6.0 gm of water was added. The 
reaction was allowed to occur for 1 hour at 68° C. The 
admixture was then cooled to room temperature and 
transferred. 

The polymer*encapsulated pigments had a weight of solids 

15 of 52.1 percent, a Stormer viscosity of 100 KD, a Brookfield 

mPa.s 

viscosity (0.3 rpm) of 5600 cps, and an ICX high shear 
50 mPa.s 

viscosity of 0.5 poise. The pB was 7.9. The contrast ratio 

(dry) was 0.99. The contrast ratio (wet) in the paint was 

152 Mn 

0.99, and the paint film appearance (6 mil gap, 3B chart) was 
20 smooth and non-grainy. 

EXAMPLE 14 

Csing the general procedure outlined in Example 13, the 
pigment system used in Onion Carbide's published formulation 
1*1212 was encapsulated (once at a PVC of 45 and once at a 

25 PVC of 60) using a 78/22 vinyl acetate/n-butyl acrylate 

ratio. Portions of these two polymer«»encap6ulated pigments 
were then blended to give 50 PVC and 55 PVC systems. Kb 
controls, paints were made by conventional means at 45 PVC 
and 60 PVC and portions thereof blended to provide 50 PVC and 

30 55 PVC paints. The results o£ the evaluations of these 
systems are shown in Tables III and ZV. 
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* 2Ea Conventional pgp 

II Contt..t Jtetlo 0.974 0.977 

eo 0.980 0.991 

0.991 0.996 

SO Resistance to 0.922 ' 0 «13 

55 S*9f«»*^"* 0.0947 o'sS 

10 0.877 S:||J 

0.761 0.502 

55 eHf*"^'* 0 748 

0.844 

ASTH Scrub sos 
*s (^eles) 248 



20 



60 - ' 39 

72 n 

Notes t Gilsonite is a test where stain l> 
?4!"2 t«»P Of the paiSt! t5. fiai" is 

li^ lLlV^"^ to which tSe SiJ? 

?Iti" Masured by .easuring contrast 

PEP is polyner-eneapsalated pignent. 
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TABLE IV 



PVC, % 
45 



50 



10 



15 



20 



25 



55 



60 



TEST 




COKVEKTXONAL 


PEP 


PH 






6.3 


8,2 


% TS 






53.0 


63.0 


KU 






88 


82 


ZCI, poise 


0,1 


Pa*s 


0.79 


0*91 


Brookfield 










COL 3rm&) * 


CO 1 


iiPa.s 


88,000 


130.000 


pH 






8.1 


8-2* 


%TS 






48«0 


48.0 


KU 






80 


72 


ICI, poise 


Orl 


Fa.s 


0.6B 


0.80 


Brookfield 










(a3rpni). 


cpi 




68,800 


67,200 


pB 






8.1 


8.1 


%TS 






48.0 


48.0 


KU 






77 


70 


ICI, poise 


Or! 


Pa.B 


0.60 


0.81 


Brookfield 










n3rpB)f 


epi 


[iiPa«s 


43,600 


54,400 


pH 






8.2 


8.3 


%TS 






53.0 


53.0 


KU 






86 


82 


ICI, poise 
Brookfield 


0,1 


Fa.s 


0.79 


0.61 










ia3rp»). 


cp iifl^a.s 


72,400 


131,200 



30 



35 



Hotes: %T5 is percent of total solids (solids 
by weight) • 

KO is Storner viscosity in Krsbs 

Units. 

These results suggest that the desired 
encapsulation was indeed obtained. The 
encapsulated systens appear to be wore 
difficult to filn (coalesce) but have higher 
high-shear (I.C.Z.) viscosity, therefore they 
would be expected to give higher filn build. 



5- 
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A .eries of test, were run with « p.i„t having v.rioa. 
pigment volume concentrations with • pol,»er-.n«p«ul.ted 
WOj pigment (Tronox CR-822). m this series the 
encapsulating polymer was 10 percent n-butyl ecryl.te-.nd 90 
percent vinyl acetate. The results ere: 
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TABLE 


V 






PVC, % 


TEST 


COKVENTZOKAL 


PEP 




15 
25 


Contrast Ratio 


0.981 
0.981 


0.983 
0.990 


5 


15 
25 


60 Gloss 


67% 
19% 


49% 
31% 




15 
25 


20 Gloss 


26% 
2% 


17% 
5% 


10 


15 
25 


ASTH Scrub 
(Res. cycles) 


1580% 
53% 


644% 
.279% 


15 


15 


FB 
%TS 

KU 

ICXt poise ' i'a.s 
firookf ield 

(0.3rpn}« cp mPa.s 


7.3 

48.0 

82 

1.00 
86,000 


7.0 

48.0 

78 

0.89 
25,000 


20 


25 


FB 

%TS 

RU 

XCI, poise 0,1 Pa.s 
Brookfield 

(O.Srpffl), cp niPa.s 


6.2 

48.0 

86 

0.95 
72,000 


6.3 
48.0 
77 
0.90 

14,000 
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EXAMPLE IS 

Ihl. «»iaple dc.enatratM mn Mulalea pel7»«rlB«cieB 
ccehnlqu. .ad latex irbleta can b« naad to eaeapavlata 
pigaents. 

5 A aatex «aa praparad by •imixint, !« « zaaetar, 485 g. 

of itat.r 12 g. .f igep.l C0-»«7, 2.5 g. ot aodi». .eet.ta. 45 
g> of Xgapa] CO-977, 5 g of H.leo 71-BS aotifoa. aod 70 g. of 
a »eao«ez aJxt«a <of 903 g. of ^l.yl aeatata «iid 253 g. of 
«-b«t7l acrylata). Ibe laStl.l ra.etot eh.tg. ... ,ddad 
10 TOO. t..perati.ra and ad.lMd. Tb« r.aetor «aa a 3-lltar 
Jaekatail roala fla.k. Wtb tba ataa./.atar eootroUad by 
loatraacntatfoB for baatlag aad eoellag. aad aafag «» 
•laetrlc atlrrar Mter with a atalaXaaa ataal «b«fc..«»« 
blada aad dig.tal raadout of tba rp.a. Aa laltl.J eb.rg. of 

15 1.3 ga of t-butyl bydroparoxlda »«» .ddad to tba raaetoz at 
35-C. Tbea a aolatloa of 1.3 g« of aodlua foraaldabydo 
aolfoxyl.ta aad 8 g. of »atac »«• .loirly addad to tba r.aetor 
at 35*C. Tbe taaparatara »aa ralaad to 70»C aad aalatalaad 
th.ra. Tba rtat of tba aoaoaer alxtara waa fad la OTor a 

20 four boar period. A aolatloa of 3.6 ga of t-batyl 

bjdroparoxld. and 34 g. ot «.tar aad a aolotloa of 2.4 ga of 
aodlaa foraald.hyda aalfoxylat. aad 34 ga of water wore, 
aaparataly fad iato tbc raaetor o^rar a 4 1/2 boar period. 
The aoaoaar alxtare aad eatalyat aelatloaa were eoaearreatJy 

25 i*i lato tbe reactor atartlag at tbe aaae tlae. Tbe 

agltatiea. oaea che 70*C. level waa rcacbad. waa aboat 200 
rpa, waa Ja.t belee 300 rpa whaa tbe aoaoaer aad eatalyat 
addltleaa atarted, aad roac to about 1000 rpa at tbe.ead of 
tbe addltloB. The reaetlea alsturc waa poet b.at.d for 30 

30 alaatea after tbe feedlag la of tbe eatalyat. Tbe raaetloa 
•ixture waa cooled aad re»o*ed frea tbe reactor. Tbe 
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resnatant l«tex had a total solids of 66.15 percent, a 

0r32S Pa.8 

brosboaeter viscosity of 3»25 poise and a Brookfleld 
inPa.8 

viscosity of 5,350 cps (tVT Mode V, 60 rpn) . 



EXAMPLE 16 

5 This exanple denonstratea aa esnlsion polyaerisatioa 

technique and latex vhlch can be used to encapsulate 
pigaents* 

A latex vas prepared by adaisins, in a reactor, 3fr8 ga 
of water 9.6 ga of Xgepal CO-997, 2.0 ga of aodioa acetate, 
10 36 ga of Igepal CO-997, 4.0 ga of Halco 71-115 antifoaa and 56 
ga of a Bonoaer aixture (of 722.4 ga of vinyl acetate and 
204.4 ga of n-butyl acrylate). The initial reactor charge 
vas added at rooa teaperature and adaixed. «he reactor was a 
3-liter jacketed resin flash, with the steea/water controlled 
15 by instroaentation for heating and cooling, and using an 
electric stirrer aotor with a stainless steel shaft, one 
blade and digital readout of the rpas. An initial charge of 
1.04 ga of t-butyl hydroperoxide vas added to the reactor at 
35*C. Then the solution of 1.04 ga of sodlua foraaldehyde 
20 Bulfoxylate and 6.4 ga of water was slowly added to the 
reactor at 35*C. The teaperature was raised to 70*C. and 
aaintained there. The rest of the aonoacr aixture vas fed in 
ov*r a font hour period. A aolution of 2.88 ga of t-butyl 
hydroperoxide and 27.2 ga of water and a solution of 1.92 gn 
25 of sodittB foraaldehyde sulfoxylate and 27.2 ga of water were 
separately fed into the reactor over e 4 1/2 hour period. 
The aonoaer aixture and catalyst solutions were concurrently 
fed Into the reactor starting st the saae tiac. The 
agitation, once the 70*C. level was reached, was about 175 
30 rpa, wes about 200 to 240 when the aonoaer and catalyst 



01 04498 

' - 53 - 13614-1 

•ddltlen. .t.rt.d. a«d re«« to .bo.t 750 tpm mt th. .nd of 
tht addltlea* (and darlns eooll«g). ut.x IPX-6108 BA*222, 
*. •« «.o«ot .« 350 .1. •„ f.d 1. tfc. .... 

" th« .o»o.or .ddltlo.. (Th. ro.M. to .tody the .ff.ct 
5 of oddLs I.t.s to tb. reoctloo .!««• ..d eh, „f ..t on 
»l.eo.Jty.) Tho rooetio. ... p.,, ^..,,4 3^ 

>l»t«. .ftor tho fo.dlag 1« of tho eot.],.t. Th. fctlon 
■l»«c. eool.d oBd r«.»irod fro. th. ro.et. r. ih. 

to.olf.t l.tos bod . totol oolld. of 65.33 p.rc.ot. . 
10 K w 0,219 Pa.s 

'0 hr».ho..t.r «i.eo.it, of 2.19 p.i.. „d o Broofcfl.ld 

nPa.s 

viaeo.lty of 8.300 ep. (LVI Mod. V, 60 rpa). 

EXAMPLE 17 
Ihl» oxoaplo dcooa.tratoi tho polyacrlc 
•leroooc.pouI.tl en of pls«o.to aolag .t.od.rd oaol.loa 
15 polpa.ris.tlon tachnlqa... 

A roftcter v.. parg.d «lth altrot.a. AB5 gm of aator 
wor. .dd.d to th. ro.etor. 264 gm of plga.at. (26 ga of tl 
P«r. R.9OO aad 238 of S.atlatoao #5) a.r. .dd.d to tho 
r..etor .od th. .dalatur. aa« .glt.t.d .t a aod.t.t. l.val 
20 (.boo, 2po 87 Ea of V-Ppr.l ... .dd.d ahll. th. 

.daiatar. •«. .glt.t.d at a high l.v.l (SSO to 270 rpa> for 
•fcout 5 alaot... yi g. of T-MT-B-S07 aa. .dd.d whll. tb. 
.dalstor. .git.t.d at 270 rp. for 5 al.oca.. Tboa 1 ga 
of «.leo 71-05 aatlfo.a v.. add.d. Th. Initial r..etor 
25 ehirg. v.. .dd.d .t roo. t.ap.r.t.r. ..d .dals.d. Tb. 
to.ctor ».o . 3-llt.r Jack.tad ra.ia fl..k, ,1,1, th* 
at..a/a.t.r eoatrollad bp in.trna.at.tloa for ho.tlag aad 
eoollag. aad o.i.g .n al.etcl. .tlrrar aotor alth . atalala.. 
•t..l abaft, tao blado. .nd dlg.t.l r..do«t of th. rpa.. An 
30 mitl.l eh.rg. of 1.3 „ .f t-botpl hydrop.roald. (70 p.reont 
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aqueous) and 5*0 of distilled water were added to the reactor 
at 35*C« and mixed for 5 minutes at 270 rpm. Then a reducer 
eolation of 1*3 gm of sodium formaldehyde sulfoxjlate and 8 
gn of vater was addod to the reactor at 50*C. When the 
5 reactor Isotherm reached 60* to 65*C«9 monomer and 

catalyst/reducing feeds vere hegun* A monomer mixture of 550 
gm of vinyl acetate » 155 gm of n-hutyl acrylate and 7 gm of 
Balco 71*05 vas linearly fed In over a four hour period. A 
catalyst solution of 3*63 gm of t-hutyl hydroperoxide (TBHP) 
10 and 3^ gm of vater and a reducing solution of 24 gm of sodlop 
formaldehyde aulfoxylate (8FS> and 34 gm of vater vere 
linearly separately fed into the reactor over a 4 hour 
period* The monomer mixture and catalyst/reducer solutions 
ve^e concurrently fed into the reactor stsrting at the same 
15 time. The temperature vas maintained at 60* to 65*C. during 
the reaction and the agitation level (speed) vas increased as 
necessary to maintain a vortex or good mixing. The reaction 
mixture vas post heated at 70* to 75*C. for 30 minutes using 
minimal agitation after the feeding in of the catalyst. 0.75 
20 gm of Dovicil 75 and 3.0 gm of distilled vater vere added to 
the reaction mixture. The reaction mixture vas cooled and 
removed from the reactor to provide a latex 
(polymer-encapsulated pigment dispersion). 
The follovlng Is a aummary of the 
25 tert .*hutylhydroperoxide and sodium formaldehyde aulfoxide 
oaed in Example 17: 

TBHP SF5 
Added to reactor 1.3g l»3g 

Fed during run 3.63g 2. 3g 

30 Total amounts used 4«93g 3.6g 

There vere 38 ml of 9.57Z TBHP in vater fed. There vere 35 
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EXAWPUS 18 

Examples 17 was repeated except that no baffles were 
used in the reactor. A polymer-encapsulated pigment dispersion 
having a total solids content of 66.4 percent is obtained. 
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KHAT IS CLAIMED IS: 

1. A process of preparing a uniformly 
polymer-encapsulated dispersed solid composition comprising: 

(a) admixing water, a non-monomer solid in particulate 
foriDf a nonionic protective colloid or stabilizing 
agent r and all or a portion of a nonionic monomer 
having at least one monovalent unsaturated organo 
moiety, said non-monomer solids having a minimum 
of surface charge; 

(b) adding a nonionic polymerization initiator to 
admixture (a) and heating admixture (a) to begin the 
polymerization of said nonionic monomer; and 

(c) adding a nonionic catalyst and any remainder of said 
nonionic monomer to admixture (b), allowing the 
polymerization to proceed to finality or the desired 
degree, whereby a polymer-encapsulated solid 
dispersion is obtained. 

2. Process as claimed in Claim 1 wherein the remainder 
of said nonionic monomer is added over a period of .time, said 
nonionic stabilizing agent is .a nonionic surfactrant, and said 
non-^monomer solid is a pigment. 

3. Process as claimed in Claim 2 wherein there is 0.5 to 
10 parts by weight of nonionic surfactant based on the total 
solids, namely, monomer and non-monomer solid. 
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4. Process as claimed in Claim 1 to 3 wherein said 
initiator is a free radical initiator/is present in an 
amount of 0.05 to 1 percent by weight, based on the total 
weight of the monomer and the pigment. 

5 

5. Process as claimed in Claim 4 wherein said free 
radical initiator is a peroxide or a redox system. 

6. Process as claimed in Claim 1 to 5 wherein heat is 
10 applied to help initiate and carry out the polymerization. 

7. Process as claimed in Claim 1 to 6 wherein the 
polymerization is conducted at a temperatuj^e between 25* 
to 300«> C. 

15 

8. Process as claimed in Claim 1 to 7 wherein the ratio 
of non-monomer solid to monomer is between 9 to 1 and 

1 to 9. 

20 9. Process as claimed in Claim 1 to 8 wherein the ratio 

of water to total solids is between 4 to 6 and 7 to 3, the 
total solids being the monomer and the non-monomer solid. 

10. Process as claimed in Claim 1 to 9 wherein the 
25 nonionic stabilizing agent is a dispersion moiety which 

readily copolymerizes with said nonionic monomer having at 
least one monovalent unsaturated organo moiety. 

n. Process as claimed in Claim 10 wherein the dispersing 
30 monomer is N-vinyl pyrrolidone or a polymer of K-vinyl 
pyrrolidone. 

12. Process as claimed in Claim 1 to 9 wherein the 
nonionic stabilizing agent is a nonionic surfactant which 
35 has a hydrophilic portion which is attracted to the 
non-monomer solid surface. 
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13. Process as claimed in Claim 1 to 1 2 wherein said 
nonionic monomer is a monomer containing at least one 
reactive vinyl group R^RgC==CRg-# reactive vinylidene 
group R^RgC=C and/or reactive vinylene group 
-CR^ Q=CR^ - r wherein R^, Rg, Rg, R^ ^ and R^^ each is 
(a) hydrogen, (b) alkyl having 1 to 4 carbon atoms, (c) 
alkoxy having 1 to 4 carbon atoms, (d) 

alkylcarboxy having 2 to 12 carbon atoms, (e) aryl having^ 6 
to 10 carbon atoms, (f) alkoxy carbonyl having 2 to 12 carbon 
atoms, Cg) substituted aryl having 6 carbon atoms and being 
substituted with at least one halogen nitrile, alkyl having 1 
to 4 carbon atoms, and/or alkoxy having 1 to 4 carbon atoms, 
(h) aralkyl wherein the alkyl has 1 to 4 carbon atoms and the 
aryl has 6 to 10 carbon atoms, (i) substituted aralkyl 
wherein the alkyl has 1 to 4 carbon atoms, the aryl has 6 to 
10 carbon atoms and the substituents are halogen, alkyl 
having 1 to 4 carbon atoms, nitrile and/or alkoxy having 1 to 
4 carbon atoms, (j) substituted alkyl having 1 to 4 carbon 
atoms and being substituted with nitrile, halogen and/or 
alkoxy having 1 to 4 carbon atoms, (k) substituted 
alkylcarboxy having 2 to 12 carbon atoms and substituted with 
halogen and/or nitrile, or (1) substituted alkoxycarbonyl 
having 2 to 12 carbon atoms and substituted with halogen 
and/or nitrile, with the proviso that no allyl compound or 
25 1-olefin, except ethylene or substituted 1-olefin, comes 
within the scope of the above formulae. 
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14. Process as claimed in Claim 13 wherein said 
nonionic monomer has one or multiple reactive unsaturated 
group ( s ) • 

5 15* Process as claimed in Claim 1 to 14 wherein said 

pigment is an organic solid, preferably an inorganic solid. 

16. Process as claimed in Claim 1 to 15 wherein the 
admixture of step (a) is conducted in two steps comprising 

1 0 first admixing the water^ a non-monomer solid in particulate 
form and a nonionic protective colloid or stabilizing 
agent and then admixing all or a portion of the nonionic 
monomer with the first admixture. 

17. A solids composition as prepared by the process 
claimed in Claim 1 to 16. 

18. A solids composition comprising non-monomer 
insoluble solid particles uniformly coated and encapsulated 
with at least one monovalent unsaturated organo moiety, 
said solids composition being in effect a solids dispersion. 

19. The solids composition as claimed in Claim 18 
wherein the solid is an organic solid, preferably an 

25 inorganic solid. 

20. The solids composition as claimed in Claim 18 
wherein a nonionic stabilizing agent or its residue 

- preferably a nonionic surfactant, said nonionic surfactant 
30 being one which has a hydrophilic portion which is 

attracted to the surface of the non-monomer pigment - is 
present in said encapsulating polymer and/or on the surface 
of said non-monomer solid. 



15 



20- 



0104498 



- 60 - 

21. A coating composit.ion comprising conventional 
coating ingredients and a solids composition, said 
pigment composition being that claimed in Claim 18. 



THIS PAGE BLANK 



JEuropaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(31) Publication number: 



O 104 498 

A3 



® EUROPEAN PATENT APPUCATION 

® Application number: 83108642^ (sj) Int O.*: C 08 F 292/00 

©Date of filing: 01^.83. C 09 D 3/00 



@ Priority: 02.09.82 US 414392 
^.07^3 US 516859 



@ Date of publication of application: 
OAMM BuHetin 84/14 

@ Date of deferred publication of search report: 26.Q2M 

@ Designated Contracting States: 

AT BE CH DE FR GB IT U LU NL SE 



0 Applicant: UNION CARBIDE CORPORATION 
39 Old Ridgebury Road 
Danbury Connecticut 06B17(US) 

(72) Inventor: Martin, Robert W. 
P.O.Box93S2 

South Charieston West Virginia 25303(US) 

@ Representative: Coulson, Antony John 

ABEL& IMRAY, Northumberiand House 303^06 High 
Holbom 

London. WC1 V 7LH(GB) 



fPolymer*encapsulated dispersed solids and methods. 
A process for preparing polymer-encapsulated dis- 
persed non-monomer solids, such as, polymer-encapsulated 
pigments. Water, a pigment a nonionic protective colloid or 
stabilizing agent* and a portion of a nonionic monomer 
having at least one monovalent unsaturated organo moiety 
are admixed. The pigment has a minimum of surface charge. 
A nonionic polymerization initiator is added to the admixture 
and the admixture is heated to begin the polymerization of 
the nonionic monomer. A nonionic catalyst and the remain- 
der of the nonionic monomer are added to the admixture. 
The polymerization is allowed to proceed to finality or the 
desired degree. A polymer-encapsulated pigmem dispersion 
8 obtained. 



8 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



X 



DOCUMENTS CONSIDERED TO BE RELEVANT 

Citation of document with indication, whera appropriate. 
of relevant passages 



EP-A-O 054 832 (DOW) 

* ^i;"™=^l'3t4,6; page 5, line 20 
■ ^' line 26; page 7, lines 

20-23; page 8, lines 14-22; page 
9, lines 13-15 * 



GB-A-2 057 457 



( RHONE-POULENC ) 



P*^® 2' li'ies 58-79; 
page 1 lines 94-113; page 2 
lines 37-50 * ^, 

A I DE-A-2 348 806 (GAF) 

araS^J""^ 1-3,5,6; page 3, para- 
graph . 3 - page 4, paragraph 1 * 

A I GB-A-1 117 224 "(XEROX) 



The present search repon has been drawn up for all claims 



Date 



o^tgmpje^on Jt^g^arch 



Relevant 
to claim 



1-13, 
15-21 



1.3-8 
13-15 
17 



CATEGORY OF CITED DOCUMENTS 



^ ^Pic4^il9r£er 

EP 83 10 8642 



CLASSIFIC A OF THE 
APPLICAt CI >, 



C Ob I 1^-2/00 

c 09 r> :'./oo 



TECHNICAL FIELDS 
SEARCHED fint CI ») 



C 08 F 



MEULEMAJ^"«r A . M . G . G . 



particularly relevant If taken alone 

SS^'.min'^ " combined with another 

document of the same category 
technolOQlcal background 
non-wntten disclosure 
intermediate document 



p : document cited in the application 
L. ^^^^ reasons 

^*j2^^of the same patent faSi^ 



BAD ORIGINAL 



